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Not  many  years  ago  the  works  on  Coal-Mining  were  few,  and  in 
most  instances  so  expensive  as  to  be  beyond  the  reach  of  the  ordinary 
student  or  practical  miner.  This  state  of  affairs  has  been  to  a  large 
extent  remedied  of  recent  years  by  the  issue  of  several  works  of  more 
moderate  dimensions  and  price.  Between  the  small  elementary  text- 
book and  the  still  large  and  comparatively  costly  work  of  reference, 
however,  there  yet  remains  a  considerable  gap,  which  it  has  been  the 
Author's  endeavour  in  this  volume  to  fill.  The  best  authorities 
have  been  freely  consulted  and,  with  due  acknowledgment,  laid  under 
contribution;  while  the  latest  methods  of  working  and  the  most 
modem  machinery  have  been  described,  with  the  object  of  presenting 
an  up-to-date  account  of  the  important  industry  under  consideration. 

Since  the  publication  of  the  excellent  treatise  by  Jonathan  Hyslop, 
thirty  years  ago,  no  text-book  dealing  to  any  extent  with  Scottish 
practice  has,  so  far  as  the  Author  is  aware,  been  published.  As  his 
experience  has  been  gained  largely  in  Scotland,  he  has  attempted  to 
remedy  this  omission,  and  it  is  to  this  that  the  occasional  occurrence 
of  a  few  Scotch  words  or  phrases  must  be  attributed,  although  these 
have  been  avoided,  as  far  as  possible,  when  reference  is  made  to 
methods  prevailing  elsewhere.  Less  attention  has  been  paid  to 
literary  style  and  elegance  than  to  the  production  of  a  thoroughly 
practical  and  plainly  worded  text-book,  designed  not  only  to  aid 
those  endeavouring  to  qualify  themselves  for  positions  as  colliery 
managers  and  other  responsible  officials,  but  also  as  a  daily  guide 
and  reference-book  for  all  engaged  in  and  about  the  Colliery. 

The  Author  gratefully  expresses  his  indebtedness  to  other  sources, 
which,  except  in  cases  where  a  difficulty  in  tracing  the  authorship 
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was  experienced,  he  has  acknowledged  m  the  text.     The  works 

of  Hughes  on  Coal  Mining,  and  of  Foster  on  Ore  and  Stone  Mining, 

have  been  quoted,  and  a  few  of  the  illustrations  have  been  borrowed 

from  those  works. 

The  Author  has  further  to  acknowledge  the  kind  assistance  of 

Mr  John  Dodds,  who  helped  to  prepare  many  of  the  drawings  for  the 

work.     He  also  desires  to  express  his  thanks  to  the  publishers  for 

the   pains  they  have  taken  both    as    regards  the  text  and  the 

illustrations. 

G.  L.  KERR. 

Bo'ness,  N.B.,  September,  1900. 


NOTE  TO  THE  SECOND  EDITION. 

The  exhaustion  of  the  first  edition  of  the  present  work  within  less 
than  a  year  of  its  publication  has  rendered  a  fresh  issue  necessary, 
and  the  Author  has  therefore  availed  hipiself  of  the  opportunity  to 
correct  a  few  clerical  errors  which  escaped  detection  in  the  former 
edition.  In  several  instances  it  has  likewise  been  thought  advisable 
to  amplify  and  extend  the  original  text,  while  some  of  the  illustra- 
tions have  been  redrawn  in  the  endeavour  to  render  them  more 
serviceable  to  the  reader.  The  Author  has  been  deeply  gratified  by 
the  kind  reception  accorded  the  book,  and  has  availed  himself  of  the 
friendly  suggestions  of  several  of  his  critics.  He  also  desires  to 
thank  the  numerous  teachers  and  students  of  mining  classes,  and 
the  managers  of  mines  and  collieries,  for  the  encouragement  he  has 
received  from  them,  and  ventures  to  hope  that  the  present  edition 
may  be  found  to  merit  a  continuation  of  the  favour  so  freely  bestowed 

upon  the  first. 

G.  L.  K. 

September  1901. 
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PRACTICAL  COAL-MININa. 


CHAPTEE  I. 

THE  SOURCES  AND  NATURE  OF  COAL. 

Introductory, — The  sciences  of  mining  and  geology  are  so  closely 
related  to  each  other  that  it  has  become  almost  impossible  to  write 
a  treatise  on  the  former  without  referring  to  the  sister  science  of  the 
rocks.  Text-books  on  coal-mining  are  therefore  usually  prefaced  by 
a  short  introductory  chapter  on  geology,  and  the  present  volume 
will,  in  this  respect,  conform  to  established  custom. 

The  science  of  geology  is  a  vast  subject,  and  one  that  requires 
years  of  careful  study  and  work  to  acquire  even  an  elementary 
knowledge  of.  All  that  can  be  here  attempted  is  to  give  a  very 
brief  outline  of  the  mode  of  occurrence  of  coal  aud  of  the  strata  in 
which  it  is  found. 

The  earth  is  composed  of  mineral  matter  in  various  combinations 
which  are  included  under  the  general  term  of  rock.  It  is  spherical 
in  shape,  although  somewhat  flattened  at  both  poles.  It  was 
supposed,  until  lately,  to  consist  of  an  outer,  hard,  solid  crust  10  or 
12  miles  in  thickness,  and  an  interior,  consisting  of  molten  material 
at  a  very  high  temperature.*  This  theory  was  deduced  from  the 
fact  of  the  increase  in  temperature  noted  in  subterranean  workings, 
and  from  observation  of  the  molten  lava  thrown  out  by  volcanoes  in 
different  parts  of  the  world  during  eruption.  There  are  good 
grounds,  however,  for  believing  such  a  supposition  to  be  wrong,  and 
that  the  earth  is  a  solid  mass  from  circumference  to  centre.  The 
grounds  for  this  later  theory  have  been  advanced  by  no  less  an 
authority  than  Lord  Kelvin. 

Definition  of  the  Term  Rock.t — "  A  rock  may  be  defined  as  a  mass 
of  matter  composed  of  one  or  more  simple  minerals,  having  usually 
a  variable  chemical  composition  with  no  necessarily  symmetrical 
external  form,  and  ranging   in  cohesion  from   mere  loose  debris  to 

*  Those  who  wish  for  further  information  respecting  this  subject  are  reoom* 
mended  to  study  Sir  Archibald  Geikie's  Advanced  Geology^  pp,  66-68. 
t  Text-hook  of  Geology,  p.  67,  by  Sir  Archibald  Geikie, 
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the  most  compact  stone.     Granite,  sandstone,  mud,  peat,  etc.,  are  all 
recognised  as  rocks." 

Division  of  Bocks. — Rocks  are  divided  into  three  classes,  viz., 
aqueous,  igneous,  and  metamorphic,  or,  according  to  another  method 
of  regarding  them,  into  two  divisions,  stratified  and  unstratified. 

Aqueotis  rocks  are  those  which  have  been  deposited  where  we  now 
find  them,  by  the  agency  of  water.  They  are  generally  in  layers  or 
beds  lying  parallel  to  each  other,  and  are  often  termed  sedimentary 
rocks  or  deposits. 

Igneoiis  rocks  are  those  which  have  been  subjected  to  the  action 
of  heat  and  retain  no  traces  of  stratification  or  bedding. 

Metamorpliic  rocks  are  rocks  in  which  a  crystalline  rearrangement 
of  the  materials  originally  constituting  the  rock  has  taken  place. 
Hence  they  are  sometimes  called  altered  roclcs.  Granite  is  one  of 
the  best  and  most  representative  specimens  of  a  rock  of  this  class. 

Stratification. — All  aqueous  or  sedimentary  rocks  are  deposited  in 
definite  layers  or  beds,  this  arrangemetit  being  termed  stratification. 
When  rocks  are  deposited  in  very  thin  layers,  such  as  occur  in  shale, 
they  are  said  to  be  laminated. 

Cleavage. — Cleavage  is  the  term  applied  to  the  tendency  of  rocks 
and  minerals  to  split  along  certain  planes  other  than  those  of 
stratification,  which  occur  in  stratified  rocks  and  which  tend  to  break 
the  rock  up  into  more  or  less  cubical  blocks.  Generally  when  a 
rock  is  much  intersected  by  cleavage  planes,  it  loses  its  property  of 
splitting  along  the  bedding  planes.  Cleavage  planes  are  said  to  be 
due  to  great  pressure,  and  are  often  defined  by  geologists  as  follows : — 
"The  minute  particles  of  rocks,  being  usually  of  irregular  shapes, 
have  been  compelled  to  arrange  themselves  with  their  long  axes 
perpendicular  to  the  direction  of  pressure,  or  along  the  line  of  least 
resistance,  consequent  upon  intense  subterranean  compression. 
Hence  a  fissile  tendency  has  been  imparted  to  a  rock,  which  will 
now  split  into  leaves  along  the  planes  of  rearrangement  of  the 
particles.  This  superinduced  tendency  to  split  into  parallel  leaves, 
irrespective  of  what  may  have  been  the  original  structure  of  the 
rock,  constitutes  cleavage." 

Inclmation  of  Strata. — The  strata  which  compose  the  crust  of  the 
earth  were  no  doubt  deposited  in  horizontal  layers ;  now  only  limited 
areas  are  found  in  that  position.  In  all  parts  of  the  world  beds  of 
rock  are  usually  inclined  at  a  greater  or  less  *  angle  of  dip'  to  the 
horizon,  hence  they  usually  come  to  the  surface  at  some  point,  and 
when  this  happens  it  is  termed  the  outcrop  of  the  bed. 

In  flat,  low-lying  stretches  of  country  few  outcrops  may  be  seen, 
while  in  hilly  country,  and  especially  where  the  district  is  intersected 
by  ravines  and  river-courses,  the  strata  may  be  seen  at  their  outcrop 
frequently.  It  is  in  such  positions  that  rocks  can  be  most  easily  and 
advantageously  studied. 

Dip, — If  the  beds  of  rock  be  inclined  to  the  horizon  they  are  said 
to  dip ;  the  point  of  the  compass  to  which  they  incline  is  called  the 
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direction  of  dip,  and  the  angle  which  the  strata  make  with  the 
horizon  is  termed  the  athgle  of  dip.  This  angle  is  expressed  in  degrees, 
and  is  usually  measured  by  an  instrument  called  the  clinometer. 

Strike. — ^A  horizontal  line  drawn  at  a  right  angle  to  the  dip  is 
called  the  strike.  Thus,  if  the  dip  be  due  north  and  south,  the 
strike  will  be  due  east  and  west.  Sometimes  the  strike  and  .outcrop 
coincide,  as  in  the  case  of  vertical  beds,  but  more  usually  it  varies 
with  the  stratigraphical  contour  of  the  beds. 

Anticlinal  and  Synclinal. — In  many  parts  of  the  world  the  strata 
are  contorted  and  bent  into  folds.  The  French  and  Belgian  coal- 
fields furnish  examples  of  such  distortion.  Where  the  strata  dip  away 
from  an  axis  so  as  to  form  an  arch  or  saddle,  they  are  termed 
'anticlinal.*  Where  they  dip  towards  an  axis,  formiug  a  trough  or 
basin,  they  are  called  *  synclinal  *  (see  fig.  1). 

Dislocations,  Faults,  and  Dykes. — ^Dislocations  may  be  either 
simple  fissures  or  rents  in  the  rocks  without  any  displacement  on 
either  side,  or  they  may  be  rents  having  a  greater  or  less  amount 
of  displacement,  when  they  are  usually  termed  ^faults.*  In  the 
largest  proportion  of  cases  there  are  both  fracture  and  displacement 
in  the  beds,  the  rents  becoming  both  *  fissures'  and  *  faults*  (see 
fig.  2).     Faults  may  vary  in  width  from  mere  sharply  defined  lines 


Fig.  1.  Fig.  2.— Fault 

with  very  little  displacement  up  to  gapes  of  many  yards  in  width 
and  a  himdred  yards  or  more  of  displacement.  All  the  British 
coal-fields  are  traversed  by  many  of  these  faults,  the  main  faults 
in  nearly  all  cases  running  almost  due  east  and  west.  Sometimes, 
however,  faults  branch  off  or  nm  into  one  another. 

Fatilts  are  sometimes  vertical,  but  are  generally  inclined.  The 
largest  faults,  i.e.,  those  which  have  the  greatest  vertical  displace- 
ment, commonly  slope  at  high  angles.  Those  of  only  a  few  feet 
displacement  may  be  inclined  at  angles  as  small  as  18**  or  20°  from 
the  horizon,  but  this  is  exceptional.  The  line  of  fracture  of  a  fault 
is  the  *  vees ' :  its  inclination  from  the  vertical  is  called  the  *  Tiade^ 

A  fault  is  termed  a  down-throw  fault  if  the  observer  is  looking 
from  the  higher  to  the  lower  level  of  displacement ;  and  an  up-throw 
fault  if  in  the  opposite  direction.  Two  parallel  faults  may  have  their 
down-throw  towards  each  other  instead  of  in  the  same  direction,  in 
which  case  the  mass  of  strata  between  them  is  wedge-shaped.  This 
is  called  a  *  trough '  fault  (fig.  3).  Two  faults  with  their  up-throw 
towards  each  other  would  exhibit  a  similar  but  inverted  conformation. 

The  slope  of  a  fault  is,  as  a  rule,  away  from  the  observer,  looking 
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towards  the  upthrow,  but  there  are  exceptions,  the  fault  sometimes 
inclining  in  the  opposite  direction,  when  it  is  said  to  be  a  *  reversed ' 
fault  (fig.  4).  Several  of  these  reversed  faults  occur  in  the  Lanark- 
shire coal-field. 

The  term  dyJce  is  often  confused  with  the  term  fault  by  minens, 
and  taken  to  mean  the  same  thing. 

When  a  fault  occurs  there  is  displacement  of  the  strata ;  when 
a  dyke  is  met  displacement  does  not  usually  occur.  Dykes  are 
wall-like  masses  of  rock  which  traverse  strata  in  succession  from  un- 
known depths  and  appear  in  many  instances  at  the  surface.  They 
usually  consist  of  basalt  or  allied  rock  and  are  of  volcanic  origin, 
having  apparently  been  *  intruded'  while  in  a  liquid  state  into  fractures 
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Fig.  4.— Reversed  Fault 


Fig.  3.— Trough  Fault. 


caused  by  violent  disturbances  of  the  outburst.  Dykes  affect  very 
materially  the  quality  of  the  coal  intersected  by  them,  which  is  *  himt ' 
into  a  very  soft  cindery  and  sooty  state,  or  altered  into  a  hard  and 
incombustible  substance.  The  distance  that  the  coal-seam  is  affected 
on  either  side  of  a  dyke  is  usually  about  two-thirds  of  its  width. 
Dykes  vary  in  width  from  less  than  a  foot  to  70  feet  and  upwards.  It 
is  not  unusual  for  them  to  run  in  nearly  straight  courses  for  many 
miles.  Sometimes  they  occur  along  the  lines  of  a  fault,  but  very 
often  they  are  unconnected  with  faults  in  any  w^y.  Frequently  they 
are  found  to  cross  faults  without  being  in  the  least  deflected  out  of 
their  course  thereby. 

Division  of  Eocks  into  Groups. — The  rocks  forming  the  crust  of 
the  earth  have  been  divided  into  five  main  groups.  They  are  dis- 
posed in  the  following  order 

r  Recent  and  Pre-historic. 
^  Pleistocene, 

1^  Pliocene. 
Miocene. 
Oligocene. 
Eocene. 
(  Cretaceous. 
Secondary  or  Mesozoic  -]  Jurassic. 

(  Triassic. 
( Permian. 
I  Carboniferous. 
Primary  or  Palaeozoic  -{  Devonian  and  Old  Red  Sandstone. 

Silurian. 
I  Cambrian, 
j  Primitive  Schists. 
\  Gneiss  and  other  Crystalline  Rocks, 


Quaternary  or  Post-Tertiary  -j  , 


Tertiary  or  Cainozoic 


Archaean  or  Azoic 
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Coal-measures. — The  formation  which  has  the  greatest  interest  for 
the  coal-miner  is  the  Carboniferous,  for  it  is  in  this  formation  that 
coal  is  foimd  most  abundantly.  This  formation  consists  of  three 
divisions  of  strata,  viz. : — 

Coal-Measures, 

Millstone  Grit, 

Carboniferous  Limestone. 

The  upper  division  or  coal-measures  are  the  strata  where  coal-seams 
are  most  abundantly  found.  Especially  is  this  the  case  in  the  English 
coal-fields,  very  few  workable  seams  being  found  below  the  upper 
measures.  The  millstone  grit  is  usually  composed  of  coarse  yellow 
sandstones,  flagstones,  shales,  and  a  few  thin  seams  of  coal.  In  the 
Scotch  coal-fields  valuable  seams  of  coal  and  ironstone  are  found  below 
the  millstone  grit.  In  the  Carboniferous  formation  of  Scotland,  the 
following  four  divisions  are  made : — 

{Consisting  of  (a)  an  upper  series  of  red  and  purple  sandstones 
and  shales  enclosing  thin  coal  seams,  and  (in  Ayrshire  and  Fife- 
shire)  thin  limestone  bands  ;  {b)  the  productive  coal-measures 
consisting  of  white  and  grey  sandstones,  shales,  coals,  tireclays, 
and  ironstones,  but  no  limestone. 
Millstone  Grit  f  Coarse  thick  sandstones  with  shales,  fireclays,  thin  seams  of  coal, 
or  Moor  Rock  t     clayband  ironstone,  and,  occasionally,  beds  of  limestone, 

f  This  series  is  often  sub-divided  into  (a)  thick  sandstones  and  beds 
I      of  shale  with  three  varieties  of  limestones  and  some  coals  ;  (6) 
Carboniferous  J      a  group  of  ordinary  coal-measures  very  similar  to  the  upper 
Limestone   j      coal-measures,  and  containing  valuable  seams  of  coal  and  iron- 
stone, but  no  limestone  ;  (c)  sandstones,   limestones,  shales, 
I     with  some  coals  and  ironstones. 

(This  series  may  be  sub-divided  into  (a)  the  upper  group  consisting 
of  sandstones,  shales,  oil  shales,  some  coals,  ironstones,  and 
limestones  ;  {b)  the  beds  lying  below,  extending  to  the  base  of 
the  carboniferous  rocks. 

It  will  be  seen  from  the  above  that  the  coal-measures  in  Scotland 
differ  greatly  from  those  of  England,  inasmuch  as  a  large  proportion 
of  the  coal  in  the  Scotch  coal-fields  is  found  below  the  millstone  grit, 
while  in  the  English  coal-fields  very  few  valuable  seams  are  met 
with  below  that  formation. 

Coal  found  in  other  Formations. — It  has  been  shown  that  coal  is 
most  abundantly  foimd  in  the  Carboniferous  strata,  but  it  is  not 
entirely  confined  to  that  formation,  being  often  found  in  others — 
although  such  coal  is  seldom  of  much  value  compared  with  that  of 
the  coal-measures — both  above  and  below  the  Carboniferous  forma- 
tion. In  New  South  Wales  coal  is  got  from  the  Devonian  series  of 
rocks ;  at  Bonn,  in  Germany,  and  at  Bovey  Tracey,  in  Devonshire,  the 
coal-beds  are,  presumably,  of  Miocene  age,  the  brown  coals  of  New 
Zealand  and  Australia  are  believed  to  be  late  Tertiary  deposits,  while  at 
Brora,  in  the  North  of  Scotland,  coal  is  found  in  the  Jiu-assic  formation. 

Eocks  and  Minerals  associated  with  Coal.  —  Coal  when  foimd  is 
generally  associated  with  sandstones,  shale  or  blaes — known  amongst 
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miners  as  bind — limestone,  fireclay,  ganister,  iron-stonee,  iron  pyrites, 
and  in  Scotland,  oil-shales.  Most  coal  seams  rest  on  a  bed  of  fireclay ; 
in  some  districts  this  under-bed  takes  the  form  of  ganister. 

Foiination  of  Goal-fiields. — It  is  a  noticeable  characteristic  of  coal- 
fields that  they  take  the  form  of  a  basin,  dipping  from  all  sides 
towards  a  central  axis.  Hence  we  get  the  seams  cropping  out  fre- 
quently at  the  surface,  which  allows  of  large  areas  being  easily 
reached  and  worked.  Were  it  not  that  coal-fields  assume  this  shape 
a  large  part  of  our  coal  supply  would  inevitably  be  foimd  at  too 
great  a  depth  to  be  workable. 

Origin  of  Coal. — Regarding  the  origin  of  coal  numerous  theories 
are  held,  one  being  that  it  was  formed  in  the  position  in  which 
we  now  find  it,  and  is  the  product  of  vast  forests  which  grew, 
flourished,  and  decayed  on  the  site  of  our  present  coal-fields. 
Another  is  that  coal  was  not  formed  on  the  spot  where  the  forests 
grew,  but  was  brought  into  its  present  position  by  what  is  termed 
the  *  drift '  process,  the  forests  being  supposed  to  have  flourished  and 
decayed  in  one  part  of  the  world,  while  the  accumulated  *  humus ' 
was  swept  into  its  present  position  by  the  agency  of  water  or  ice. 

Definition  of  Goal — Coal  is  a  substance  which  it  is  easier  to  re- 
cognise than  to  define.  Nearly  everybody  is  familiar  with  the 
appearance  and  uses  of  this  common  mineral,  but  its  definition  is 
attended  with  several  difficulties. 

Dr  Percy  defines  it  as :  "A  solid,  stratified,  mineral,  combustible 
substance,  varying  from  dark  brown  to  black,  opaque,  except  in 
extremely  thin  slices,  brittle,  not  fusible  without  decomposition." 

Sir  Archibald  Geikie  defines  coal  as  :  "  A  compact,  brittle,  velvet- 
black  to  pitch-black,  iron-black,  or  dull,  sometimes  brownish  rock, 
with  a  greyish-black  or  brown  streak,  and  in  some  varieties  a  dis- 
tinctly cubical  cleavage,  in  others  a  conchoidal  fracture.  It  contains 
from  75  to  90  per  cent,  of  carbon  and  a  small  percentage  of  sulphur 
generally  combined  with  iron.  It  has  a  specific  gravity  of  1*2  to 
1*35,  and  bums  with  comparative  readiness,  giving  a  clear  flame  and 
a  strong  aromatic  or  bituminous  smell,  some  varieties  fusing  and 
caking  into  cinder,  others  burning  away  to  a  mere  white  or  red  ash." 
Or  more  shortly  :  "  Coal  is  composed  of  compressed  and  mineralised 
vegetation." 

Classification  of  Coal — The  varieties  of  coal  may  be  classified  as 
(1)  Anthracite  or  Smokeless  Coal. 


i  Caking  Coal. 
..     ..   - 


(2)  Bituminous  Coal  <  Non-caking  Goal. 
(  Gas,  Cannel  or  Flaming  Coal. 

(3)  Lignite  or  Brown  Coal. 

All  these  varieties  of  coal  have  had  a  common  origin ;  they  are  all 
accumulations  of  ancient  vegetation  which  has  imdergone  chemical 
change  imder  certain  conditions.  In  the  *  lignite '  or  *  brown '  coal 
this  change  has  been  less  complete  than  in  the  others. 
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CharaderisHcs  of  Coal. — ^Eaoh  variety  of  coal  has  definite  cliar- 
acteristics,  by  which  it  can^be  distinguished. 

Anthracite,  sometimes  also  called  'blind-'  and  < stone-'coal,  has 
usually  a  brilliant  black  lustre,  breaks  with  a  conchoidal  fracture, 
and  does  not  soil  the  fingers  when  handled.  It  gives  off  little  or  no 
smoke  and  is  difficult  to  ignite,  but  when  burning  gives  out  intense 
heat.  This  class  of  coal  contains  a  very  large  percentage  of  carbon, 
the  best  qualities  containing  90  to  95  per  cent,  with  5  to  10  per 
cent,  of  hydrogen,  oxygen,  and  nitrogen. 

Bituminous  coals,  also  known  as  * freeburning,'  'smoking,*  or 
*  flaming '  coals,  are  those  which,  when  ignited,  burn  readily  with  a 
yellow  flame,  giving  off  smoke  freely.  On  getting  hot  they  swell 
into  a  pasty,  bitumen-like  mass  which  ultimately  becomes  solid. 
Bituminous  coals  are  misnamed  as  they  contain  no  true  bitumen. 
There  are  several  varieties  of  bituminous  coal,  which  are  distinguished 
according  to  their  mode  of  burning,  which  depends  chiefly  on  the 
relative  proportions  of  carbon,  oxygen,  and  hydrogen  they  contain. 
Steam  coal  approaches  anthracite  in  its  properties.  Dry  or  non- 
caking  coal  is  another  variety;  it  does  not  possess  the  property 
of  caking  which  makes  coal  so  valuable  for  household  purposes. 
Non-caking  coals  are  generally  hard  and  compact,  and  when  in 
a  fine  powdery  state  do  not  cohere  when  heated.  Cannel  coal  is 
generally  classed  as  a  variety  of  bituminous  coal,  although  it  is 
not  what  is  known  as  a  true  coal,  as  it  contains  a  certain  amoimt 
of  argillaceous  matter  and  sometimes  even  passes  into  shale  or  iron- 
stone. Cannel  or  as  it  is  sometimes  called  'parrot'  coal  differs  a 
good  deal  in  appearance  from  ordinary  bituminous  coal,  being  of  a 
dull,  lustreless,  black  colour,  not  splitting  readily  into  thin  layers, 
and  generally  devoid  of  vegetable  structure  under  the  microscope. 
The  best  qualities  of  cannel  are  of  a  tough  nature  and  can  be 
cut  readily  with  a  knife;  ornaments  are  frequently  made  from 
cannel  of  this  kind.  The  following  description  of  a  specimen 
of  Scotch  cannel  coal  is  taken  from  the  report  of  an  analyst : 
"  Colour  black,  and  possessing  considerable  lustre  with  brown 
streak;  fracture  inclined  to  slaty  and  conchoidal;  cross  fracture 
conchoidal  and  of  very  uniform  composition  with  deposits  of  calcium 
carbonate  and  ferric  bisulphide  in  the  natural  partings  ;  moderately 
massive,  compact,  and  cohesive  ;  on  the  fire  it  decrepitates  and  flies ; 
colour  of  ash  pale  brown  ;  mean  specific  gravity  1*256  (water  1000) ; 
weight  of  one  cubic  foot  78*50  lbs." 

Chemical  Analysis  of  above  Cannel, 

Volatile  Matters  (containiDg  '68  of  Sulphur),       •        .     40*28  per  cent. 

!  Carbon,       49  40  \ 
Sulphur,       0-29  }•    .         .         .66*22        „ 
Ash,              6*63  J 
Water,  expelled  at  212*  Fahr., 3*50       „ 

10000 
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Cannel  coal  contains  a  comparatively  large  percentage  of  oxygen 
and  hydrogen,  and  it  is  therefore  valuable  for  the  manufacture  of 
coal  gas  or  paraflBn  oil,  and  is  only  distinguished  from  the  bituminous 
shales  now  so  extensively  used  in  the  manufacture  of  parafl&n  by  the 
much  smaller  proportion  of  ash  which  it  contains. 

Lignite  or  Hroion  Coal, — *  Lignite  '  or  *  brown '  coal  is  the  term 
usually  applied  to  deposits  of  more  recent  origin  than  coals  found  in 
the  carboniferous  formation,  to  which  formation  true  coal  belongs. 
Lignites  vary  in  colour  from  a  light  earthy  brown  to  a  deep  lustrous 
black,  undistinguishable  from  ordinary  bituminous  coal.  They 
contain  50  to  70  per  cent,  of  carbon. 

The  following  table  shows  the  average  percentage  composition  of 
the  different  varieties  of  coal : — 

Carbon.        Hydrogen.        Oxygen. 

Anthracite,       ".         .         95*53  2-71  1*66 

Bituminous  Coal,  78-45  4*89  16'66 

Lignite,  .         .         66-32  5*55  28-13 

*In  New  Zealand  the  coal  worked  is  of  the  lignite  or  brown 
character,  and  is  not  of  a  very  high  quality.  The  following  is  an 
analysis  from  one  of  the  best  seams  : — 

Fixed  Carbon, 63*81 

Hydro-carbon, 31*88 

Moisture, 3*08 

Ash, 1*23 

100*00 


t  This  is  however  a  very  favourable  analysis,  as  1 5  to  20  per  cent,  of 
moisture  is  not  uncommon,  and  10  per  cent,  of  ash  frequently  occurs. 

Brown  coals  proper  usually  contain  a  larger  percentage  of  carbon 
and  a  smaller  percentage  of  oxygen  than  the  true  lignites. 

The  general  composition  of  the  combustible  portion  of  the  lignites 
may  be  seen  from  the  following  analyses : — 

Carbon.        Hydrogen.     O^fg^^"-* 

Lignite  from  Bovey  Tracey,  .  67 '9  6*8  26*3 

,,     Cologne,  .        .  67-0  5*3  277 

Analyses  of  brown  coal  from  different  countries  are  given  below. 

Carbon.        Hydrogen.     ^;^ft^rogen°. 


rown  Coal  from  Hungary,    . 

72*5 

5*4 

22-1 

,,          ,,       ,,     Tasmania,  . 

71-9 

5*6 

22-5 

,,          ,,       ,,     Auckland,  . 

72*2 

6-4 

22-4 

*  Trans.  N.  E,  Inst.  Min.  and  Mech.  Eng.,  vol.  xxxv.  p.  175. 

t  Ruchor,  Miall,  Thorpe,  and  Green  ;  Coal,  its  History  and  Uses,  p.  173. 
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The  following  table  shows  the  various  changes  through  which  coal 
passes  during  its  transition  from  wood  to  anthracite  : — 

percent     ^^^  ^^ 


Weight  of 

1  cubic  foot 

in  lbs. 

30 
60 
70 
75 
80 
90 


Carbon 
per  cent. 

50-29 
60-83 
67-43 
72-92 
83-48 
95-35 


6-09 

5-89 

5-59 

5-4 

5-34 

2-47 


43-62 
33-28 
26-98 
21-58 
11-18 
2-18 


Wood,  average,  •        .        , 

Peat, 

Lignite,   „ 

Brown  Coal,  average, 

Bituminous  Coal,  average, . 

Anthracite,  average,  . 

Selection  of  Coal, — Dr  Percy  says  that  the  only  sure  guide  in 
the  selection  of  coal  for  any  purpose  is  to  make  a  practical  trial  on  a 
large  scale.  A  good  deal  of  information  may,  however,  be  obtained 
from  reliable  chemical  analyses,  but  as  a  rule  the  thermal  value  of  a 
fuel,  as  determined  by  a  physical  test,  is  never  even  approximately 
realised  in  practice.  An  anthracite  coal  with  no  gas  or  flame  may  be 
suitable  for  one  purpose,  while  a  bituminous  coal  full  of  rich  smoky 
gas  may  be  most  economical  under  other  conditions.  In  any  fuel 
large  quantities  of  ash  are  objectionable,  as  they  reduce  the  quantity 
of  available  combustible  material  per  ton  of  fuel,  and  increase  labour 
in  handling  both  fuel  and  ash,  while  the  fires  require  more  frequent 
cleaning,  which  entails  a  reduction  in  the  eflBciency  of  the  boiler  by 
the  chilling  influence  of  the  cold  air  admitted  during  the  process. 

A  large  percentage  of  moisture  is  also  objectionable,  as  a  portion 
of  the  calorific  power  of  the  coal  is  unproductively  expended  in 
evaporating  the  combined  water.  The  following  analyses  show  the 
composition  of  two  varieties  of  good  burning  coal : — 


Caking  Coal. 

Non-caking  Coal. 

Carbon,        .     75  per  cent. 
Hydrogen,    .4        „ 
Oxygen,       .16 
Ash,    .         .       3        „ 
Water,          .      6  3      „ 

76    per  cent. 

4-3      „ 
16 

3-3      „ 

5-4      „ 

*  Coals  are  also  sometimes   classed   as   High    Quality   and   Low 
Quality  coal,  and  may  be  shown  thus : — 

High  Quality  Coals. 

Anthracite,    i^jt^^^^'^^g.   Bituminous. 


Fixed  Carbon,   . 
Volatile  Matter, 
Sulphur,    . 
Ash, 
Water,      • 


88-5 

75-5 

53-5 

5-0 

18-0 

40  0 

0-5 

0-6 

0-5 

5-0 

5-0 

6-0 

1-0 

1-0 

1-0 

Practical  Engineers'  Poclcet  Book,  1897,  p.  324. 
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Low  Quality  Coal?. 


Anthracite. 

oenu- 
bituminous. 

Bituminous. 

Fixed  Carbon,  . 

75-0 

67-0 

46-6 

Volatile  Matter, 

5-0 

15-0 

34-0 

Sulphur,   .... 

2-0 

3-0 

3-5 

Ash,          .... 

16-0 

12*0 

12-0 

Water,      .... 

2-0 

3-0 

4-0 

Calorific  Power  of  Goal. — Modem  requirements  now  demand  the 
most  economic  generation  of  heat  for  a  given  expenditure  of  fuel,  no 
matter  to  what  purpose  the  coal  is  put.  As  already  stated,  the 
thermal  value  of  fuel  is  not  easily  ascertained  with  any  high  degree 
of  accuracy  by  chemical  or  physical  tests,  and  only  approximate 
values  can  be  looked  for. 

The  simplest  method  of  finding  the  calorific  power  is  by  using  the 
instrument  known  as  Thompson's  calorimeter,  which  is  largely 
adopted  for  this  purpose.  The  principles  upon  which  the  test  is 
based  are  : — (1)  That  the  latent  heat  of  steam  is 
equal  to  967**  Fahr.,  and  (2)  that  coal  or  other  fuel 
burned  in  pure  oxygen  evolves  the  same  amount 
of  heat  as  when  completely  consumed  in  atmos- 
pheric air.  The  test  is  carried  out  as  follows  :  A 
measured  weight  of  fuel  is  dried,  finely  powdered, 
and  intimately  mixed  with  the  necessary  propor- 
tions of  a  mixture  consisting  of  three  parts  of 
potassium  chlorate,  and  one  part  of  potassium 
nitrate.  This  mixture,  which  will  bum  freely 
without  a  supply  of  air,  is  placed  in  a  copper 
cylinder  b  (fig.  5)  which  is  primed  with  a  fiise. 
This  cylinder  is  placed  within  the  copper  combus- 
tion vessel  c,  and  is  then  immersed  in  a  glass  jar 
a  containing  a  known  weight  of  water.  The  fuse. 
Fig.  5.— Thomson's  ^^  ^^®  small  cylinder  b  containing  the  chlorate 
Calorimeter.  mixture,  is  lighted,  and  the  appliance  is  plunged 
into  the  glass  cylinder  containing  the  water, 
and  is  covered  by  the  second  copper  cylinder  c,  the  cock  at  d  being 
shut.  After  a  few  seconds  the  fuse  ignites  the  mixture  of  coal  and 
potash,  and  the  products  of  combustion,  passing  through  the  water 
in  a  finely  divided  state,  communicate  the  whole  of  their  heat  to  the 
water.  The  temperature  of  the  latter  is  carefully  noted  at  the 
commencement  and  end  of  the  test,  and  it  is  ocJy  necessary  to 
multiply  the  weight  of  water  by  the  number  of  degrees  of  heat 
communicated  to  it  to  find  the  calorific  value  of  the  fuel.  The 
amount  of  water  capable  of  being  converted  into  steam  per  pound  of 
fuel  burnt  is  directly  as  the  elevation  of  the  temperature ;  thus,  if 
the  thermometer  showed  a  rise  of  7*5  degrees,  then  one  pound  of  fuel 
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waiUd  evaporate  7*5  lbs.  of  water.     Tables  to  facilitate  calculation  are 
supplied  with  each  instrument. 

The  theoretical  evaporative  power  of  fuel  may  also  be  calculated 
from  the  ultimate  analysis  by  the  formula : — 


P=15|c+4-28^H- -)} 


Where  C= weight  of  carbon  in  1  lb.  of  fuel. 
H=        „       hydrogen        „ 
0=        „       oxygen  „ 

P= pounds  of  water  at  212*  F..  converted  into  steam  at  212'  F.  by  one  lb. 
of  fuel. 

As  an  example,  in  the  analysis  of  the  caking  coal  already  given 
the  carbon  was  75  per  cent.,  the  hydrogen  4  per  cent.,  and  the  oxygen 
16  per  cent.  These  would  be  in  the  ratio  of  '75,  '04,  and  '16; 
then  by  applying  the  above  formula  we  have — 

P  =  15|-75  +  4-28C-04-^U 

-15{-75  +  (4-28x-02)}-15x'8356 

=  12*53  lbs.  of  water  evaporated  per  pound  of  coal  burned. 

*  The  following  table  shows  the  calorific  power  of  coal  from  widely 
different  sources : — 


Locality. 

Tonla,  Russia, 
Manosque,  Basses  Alpes, 

France  and  Germany,    . 
England, 

Basin  of  Doiietz,  Russia, 
Crensot,  France,   . 

Basin  of  Donetz,  Russia, 


Nature  of  Coal. 

Lignite, 
»♦ 

Brown  Coal, 

Caking  Coal, 

)> 

Anthracite, 


Calorific  Power  of  Dry 
Coal  free  from  Ash 
(in  thermal  units). 

13,837 
12,684 
13,253 
11,340-14,220 
15,804 
16,108 
15,651 
17,319 
17,021 
14,866 


From  recent  experiments  made  on  Scotch  coals  the  calorific  power 
and  specific  gravity  are  shown  in  the  following  table : — 


Ell, 

Mein, 

Splint, 

Gas, 

Virgin, 

Kilsyth  Haughiigg, 

Bannockburn  Main, 

Kilsyth  Coking, 


Specific  Gravity. 

1-266 
1-261 
1-292 
1-290 
1-286 
1-291 
1-306 
1-275 


Calorific  Value. 

7,480 

7,590 

7,425 

7,370 

7,480 

7,535 

7,865  • 

7,810 


*  Coali  Us  History  and  Uses,  p.  260. 


CHAPTEE  n. 

THE  SEARCH  FOR  COAL. 

Boring. — The  search  for  coal  in  an  unknown  district  is  the  appli- 
cation of  geology  to  practical  uses.  In  such  a  search  all  available 
means  are  taken  to  obtain  information,  such  as  the  examination  of 
quarries,  beds  of  rivers,  and  railway  cuttings.  Even  the  plough- 
ing of  fields  has  often  led  to  the  discovery  of  the  presence  of  coal 
when  there  were  no  other  indications. 

Such  an  examination  carefully  carried  out  in  any  district  will 
reveal  whether  the  strata  belong  to  the  coal-bearing  formation  or  not. 
The  discovery  of  a  few  fossils,  such  as  sigillaria  or  stigmaria,  will  at 
once  identify  the  rocks ;  or  an  *  outcrop '  of  coal  may  be  discovered 
at  the  surface,  but  this  is  not  often  the  case,  particularly  if  the  coal- 
bearing  strata  have  been  deeply  overlaid  by  newer  formations. 

Under  such  circumstances  boring  will  have  to  be  resorted  to,  in 
order  to  decide  whether  coal  be  present  or  not. 

Boring  is  the  means  adopted  to  gain  information  regarding  the 
existence  of  beds  of  minerals,  such  as  ironstone,  coal,  and  salt,  lying 
below  the  surface  of  the  earth,  and  to  obtain  information  respecting 
their  position,  thickness,  and  quality. 

The  uses  of  bore-holes  vary  considerably,  and  may  be  stated  as 
follows :  * — 

(1)  To  reach  a  mineral  deposit  in  order  to  ascertain  its  nature, 

depth  from  the  surface,  strike,  etc.,  with  the  object  of  work- 
ing it  if  possible. 

(2)  To  ascertain  the  nature  of  the  subjacent  rocks  for  engineering 

purposes,  such  as  their   suitability  for  railway  and  canal 
cuttings,  foundations  of  bridges,  buildings,  etc. 

(3)  To  obtain  liquids  such  as  ordinary  water,  mineral  water,  brine 

or  petroleum,  which  either  rise  to  the  surfiace,  or  have  to  be 
pumped  up  from  a  certain  depth. 

(4)  To.  make  absorbent  wells  in  dry  and  porous  strata. 

(5)  To  obtain  gases,  such  as  natural  inflammable  gas,  carbonic  acid 

gas  or  vapours  containing  boric  acid. 

*  Oi'e  and  Stone  Mining,  C.  Le  Neve  Foster,  p.  1 13, 
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(6)  To  drain  off  gas  from  rocks,  and  water  or  gas  from  mine 

workings. 

(7)  To  make  passages  for  conveying  water  to  underground  fires 

or  power  into  underground  workings  by  water,  wire-ropes, 
or  electricity. 

(8)  To  put  signal   wires   or  speaking   tubes   into  underground 

workings. 

(9)  To  sink  holes  for  lightning  conductors,  house-lifts,  or  piles. 

(10)  To  introduce  cement  into  unsoimd  foundations  in  order  to 

strengthen  them,  and  also  into  mine  workings  to  dam  back 
water. 

(11)  To  sink  mine  shafts. 

In  a  field  of  coal  it  is  usual  to  put  down  a  series  of  bore-holes  for 
the  following  purposes : — 

(a)  To  obtain  a  correct  section  of  the  strata  passed  through. 

(b)  To  find  the  depth  of  a  seam  or  seams  from  the  surface. 

(c)  To  find  the  thickness,  quality,  and  niunber  of  seams. 

(d)  To  ascertain  the  chemical  properties  of  the  coal,  and  also  the 

nature  of  the  roof  and  pavement. 

(e)  To  ascertain  the  inclination  of  the  strata,  and  the  number  and 

size  of  *  faults '  in  the  field. 

In  establishing  the  existence  of  dykes  or  faults  underground,  bore- 
holes sometimes  save  time  and  money  which  might  otherwise  be 
wasted  in  exploring  by  means  of  shafts,  particularly  when  the  *  vees ' 
of  the  fault  is  nearly  vertical  or  ill-defined,  and  it  is  difficult  to 
determine  whether  it  is  an  upthrow  or  a  downthrow  fault. 

By  their  aid  the  gradient  of  a  road  that  would  intersect  the  dis- 
located seam  can  also  be  determined. 

Methods  of  Boring. — There  are  two  chief  methods  of  boring,  viz., 
percussive  and  rotary.     These  may  be  again  sub-divided  thus : — 

r  With  J  Ordinary  method  of  chipping  and  removing  debris. 
(1  ^  Pprcussive  '    ^^^^-  I  Japanese  method  of  *  plunging  *  without  removing  debris. 
^^      Borinff  \   With   \  ^^^^®^®  *^^  other  methods  with  a  spring  pole. 

Rones   i  ^^^^^^^y  method  employed  in  American  oil  districts. 

L      P^  •  (  Special  methods,  such  as  Mather  &  Piatt's  and  others. 

(2)  Rotary       /  Boring  with  augers  in  soft  material. 
Boring  \  Diamond  rock-drill  boring. 

Hydraulic  methods  are  applied  to  both  systems  of  boring. 

The  percussive  method  is  very  largely  adopted,  and  is  commonly 
carried  out  by  means  of  free-falling  tools,  which  chip  or  cut  the  rock 
into  angular  fragments.  The  rotary  method  grinds  the  rock  into 
powder,  or  can  be  made  to  cut  out  a  solid  core.  The  commonest 
method  of  boring,  for  depths  of  5  fms.  or  more,  is  carried  out  by 
means  of  a  steel  chisel  screwed  into  an  iron  rod,  and  suspended  from 
a  spring-pole.     The  tools  used  for  a  bore-hole  in  ordinary  strata  are 
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chisels,  rods,  bracehead,  augers,  and  sludgers  for  extracting  the  loose 
material ;  tools  for  dressing  the  sides  of  the  bore-hole  and  for  extract- 
ing broken  rods  or  chisels ;  also  keys  for  screwing  and  holding  the 
rods,  and  tubes  for  lining  the  hole. 

Chisels  or  Bits. — The  form,  sharpness,  and  temper  of  the  cutting 
tool  employed  vary  according  to  the  rock  which  has  to  be  cut 
through.  Various  chisels  are  in  use :  flat  or  straight  edged  for  ordinary 
strata,  V  or  diamond-point  chisels  for  hard  rock ;  the  T  chisel  for 
gravel ;  while  others,  with  cutting  edges 

shaped  like  an  S  or  Z,  are  used  for  aft  te 

different  kinds  of  work,  but  these  chisels  H  M  P 

are  difficult  to  sharpen  and  maintain  in  A  ft  r 

good  order.     For  soft  ground,  such  as 
clay  or  peat,  augers  are  used. 

The  chisels  are  18  in.  to  24  in.  long, 
1  in.  to  2  in.  diameter,  and  2  in.  to  3 
or  4  in.  in  breadth  of  face.  They  are 
made  of  the  best  steel,  and  weigh  from 
3  to  4J  lbs.  each.  Fig.  6  shows  some  of 
the  forms  used. 


i    M 


Fig.  6.— Chisels. 


Fig.  7.— Rods. 


Eods. — The  rods  are  made  of  wood  or  iron,  more  commonly  the 
latter,  the  best  material  being  selected.  Those  made  of  wrought-iron 
are  either  octagonal,  round,  or  square  in  section.  Ordinary  rods  are 
f  in.  to  1 J  in.  square,  f  in.  and  1  in.  being  common  sizes;  they  are 
made  in  lengths  of  1 J  ft.  to  10  or  12  ft. ;  the  bottom  rod  is  always  about 
3  ft.  long. 

The  usual  mode  of  connecting  the  rods  is  by  a  screw-joint  (fig.  7). 
Iron  rods  1  in  square  weigh  about  10  lbs.  per  yard.     Wooden  rods 
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are  generally  made  of  pitch  pine  in  20  to  30  ft.  lengths,  and  not  less 
than  2^  in.  square. 

Brac^ead. — For  shallow  holes  boring  can  be  accomplished  by  the 
single  bracehead,  actuated  by  two  or  more  men,  for  a  distance  of  10 
or  15  yds.;  beyond  that  depth  a  double  bracehead 
is  used  until  20  or  30  yds.  is  reached,  when  a  spring- 
pole  and  windlass  will  be  required. 

The  single  bracehead  is  made  with  a  wooden 
handle  about  3  ft.  long  and  3  in.  diameter  at  the 
centre,  and  tapers  at  each  end.  The  centre  is 
furnished  with  an  eye  made  of  iron,  to  which  the 
rods  are  attached  (fig.  8). 

Sludger. — The  sludger  is  usually  a  tube  3  to 
10  ft.  in  length,  and  of  a  diameter  suitable  for  the 
bore-hole.     It  is  provided  with  an  ordinary  clack  or 


Fig.  8.— Bracehead. 


Fig.  9.— Beche. 


ball  valve  at  the  bottom  (fig.  10).  When  it  is  required  to  clear 
the  bore-hole,  the  sludger  is  lowered,  and  worked  up  and  down  a  few 
times  at  the  bottom  in  order  to  fill  it  with  the  broken  material ;  it  is 
then  drawn  to  the  surface,  where  the  contents  are  carefully  examined 
and  noted  down. 

The  B^che  is  the  tool  used  for  extracting  broken  rods  in  cases  of 
fracture.  It  is  about  2  ft.  long,  and  hollow  for  about  16  in.  at  the 
lower  end,  the  diameter  of  the  opening  at  the  bottom  being  about 
If  in.  and  tapering  to  |  in.  diameter  (fig.  9). 

The  Brake-staff  is  a  lever  of  pitch  pine,  10  to  14  ft.  long, 
having  a  fulcrum  1 J  ft.  to  2  ft.  from  the  end  next  the  rods.  At  one 
end  is  placed  an  iron  hook,  a  rope  being  attached  to  it  to  enable  the 
men  to  give  it  motion  (fig.  11). 

Prelindnary  Operations. — When  boring  is  about  to  be  commenced, 
a  platform  of  wood,  2  or  3  ft.  square  and  3  in.  thick,  is  laid  on 
the  ground,  and  a  hole  bored  in  the  centre  for  the  rods  to  pass 
through  into  the  bore-hole.     Short  lengths  of  rods,  18  in.  to  3  ft.,  are 
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used  at  the  beginning  until  the  hole  attains  sufficient  depth  for  the 
ordinary  lengths  to  be  used.  The  hole  should  at  starting  be  larger 
in  diameter  than  the  deeper  portions  of  the  boring  are  intended  to  be. 
If  the  bore-hole  is  to  be  a  deep  one,  it  is  a  common  practice  to  dig 
a  small  pit,  6  ft.  square  and  12  to  15  ft.  deep,  before  boring  is  begim. 
This  small  pit  is  of  great  utility,  as  it  gives  addi- 
tional clearance  for  the  withdrawal  of  the  rods, 
removes  the  loose  material  at  the  surface,  ani 
reduces  the  ultimate  cost  of  the  boring.  During 
the  actual  operation  of  boring  by  percussion,  the 
rods  are  raised  about  1  to  1 J  ft.  and  then  allowed 
to  fall  suddenly,  driving  the  chisel  against  the 
rock.  Every  time  the  rods  are  raised  the  master 
borer  gives  them  a  slight  turn  with  the  *  tiller' 
(fig.  14),  causing  the  chisel  to  deliver  a  blow  in  a 
fresh  direction. 

When  the  tool  has  been  at  work  for  some  time 
the  bottom  of  the  hole  gets  filled  with  debris, 
which  requires  to  be  removed  by  the  sludger 
which  is  screwed  for  this  purpose  to  the  end  of  the 
rods. 

I  When  the  hole  reaches  a  certain  depth  the  rods 

require  to  be  balanced  in  some  way,  as  their  whole 
weight,  if  allowed  to  fall  on  the  chisel,  would 
damage  or  break  it.  To  remedy  this,  the  weight 
of  the  rods  may  be  transfeiTcd  to  the  end  of  the 
brake-staff,  or  a  rope  can  be  used  instead,  and  by 
a  suitable  arrangement  a  weight  sufficiently  heavy 
to  cut  the  rock  is  allowed  to  fall  on  the  chisel. 
Til  is  plan  has  been  adopted  in  Mather  <fe  Piatt's 
system  of  boring.  Some  boring  engineers  prefer 
wooden  rods  for  boring,  for  when  the  hole  fills 
with  water  the  rods  are  buoyed  up,  and  a  great  deal  of  their  weight 
is  thus  taken  off  the  chisel. 


^L 


Fig.  10.— Sludger. 


Fig.  11.— Brake-stoff. 


*  Another  arrangement  to  guard  against  fracturing  the  rods  is  the 
sliding  joint.      This  joint  is  usually  fixed  10  to  20  yds.  above  the 

*  Mining^  Lupton,  p.  69. 
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chisel,  the  rods  aa  below  it  being  made  extra  strong  (6g,  12).  When 
the  chisel  strikes  the  ground,  the  upper  length  of  rods  b  moves 
over  the  sliding  joint,  imtil  the  beam  to  which  it  is  fixed  has  com- 
pleted its  stroke,  when  an  elastic 
stop  at  the  upper  end  helps  to 
deaden  the  fall,  and  thus  the  shock 
due  to  the  chisel  and  rods  strik- 
ing the  rock  simultaneously  is 
avoided. 

On  the  return  stroke  the  collar  c, 
suspended  from    the    rods    ^    by  i     ^r 

the  fork  /,  catches  against  the 
[)rojecting  cross-head  e,  and  thus 
lifts  the  chisel  again.  If  the 
rods  happen  to  break,  the  *Beche,' 
*  Crows-foot,'  or  some  other  grapnel 
is  used  to  grip  and  raise  them. 
A  simple  kind  of  grapnel  is  a  tube 

about  5  ft.  long  and  bell-mouthed  |    |  ^^ 

at  the  bottom  (fig.  13).  Near  the 
bottom  of  the  inside  of  the  tube 
are  fixed  four  steel  blades  or  springs. 
To  extract  the  broken  rods  the 
tube  is  lowered  until  it  passes 
over  a  joint  below  the  fractured 
rod,  the  steel  blades  being  pressed 
outwards  when  passing  this  joint, 
but  immediately  it  is  passed  they 
press  firmly  in  on  the  rod,  and  the 
grapnel  is  then  raised,  taking  the 
broken  rods  along  with  it.  A 
steam  or  hand  windlass  to  which  a 
rope  is  attached  is  usually  employed 
for  clearing  the  hole,  and  also  for  yig.  12.— Sliding 
raising  the  rods  when   the  chisels  joint. 

are  being  changed. 

In  fig.  14  are  shown  some  of  the  tools  used  in  ordinary  boring, 
but  there  are  many  others.  In  boring  it  is  usual  to  erect 
some  sort  of  head-gear  to  enable  the  rods  to  be  raised  quickly  and 
easily.  This  head-gear  may  consist  of  a  triangular  frame  of  three  long 
wood  poles,  either  circular  or  square,  meeting  at  the  top,  where  they 
are  fastened  together  by  a  bolt.  The  head-gear  may  be  from  20  ft. 
to  60  ft.  in  height,  the  higher  the  better ;  but  whatever  height  is 
adopted,  it  ought  to  be  a  multiple  of  the  lengths  of  the  boring-rods 
used,  so  that  when  the  rods  are  raised,  the  joint  for  unscrewing 
should  be  just  above  the  top  of  the  bore-hole.  Thus,  if  the  rods  are 
in  12  ft.  lengths,  the  boring  frame  ought  to  be  24,  36,  or  48  ft.  high. 

B 


Fig.  13.— Grap- 
nel Tube. 
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Fig.  14.— Boring  Tools.    (For  list  see  page  19.) 
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List  of  Tools  shown  in  Figure  14. 
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1.  Spiral  worm  or  miser. 

2.  Bell  screw. 

3.  Bell  box  with  cleats. 

4.  Crows-foot. 

5.  Bell-mouthed  shell. 

6.  Auger  shell. 

7.  Worm  or  screw  auger. 

8.  Plug  drill. 

9.  Parallel  worm  auger. 

10.  Shoe-nose  shell. 

11.  Auger-nose  shell. 

12.  13.  Shell  augers. 

14.  Bow  do^. 

15.  Spring  dart. 


16.  Tillers  or  levers. 

17.  Grarel  chisel. 

18.  Clay  auger. 

19.  Reamer. 

20.  21.  Lengthening  pieces. 

22.  Lifting  dog. 

23.  Nipping  fork. 

24.  Hand  dog. 

25.  Snatch  block. 

26.  Auger  cleaner. 

27.  Holding-up  rod. 

28.  Tie  screw-driver. 

29.  Spring  hook. 


If  the  hole  is  to  be  a  deep  one,  a  steam  winch  is  used,  as  it  raises  the 
rods  more  speedily,  and  is  more  reliable  than  a  hand  windlass. 

Lining  the  Bore-hole, — If  the  sides  of  the  hole  are  of  a  soft  nature 
and  apt  to  fall  in,  tubes  ought  to  be  inserted  to  protect  the  walls  and 
allow  the  rods  to  work  freely.  The  tubes 
used  for  this  purpose  are  generally  made 
of  wrought  iron  |  in.  to  |  in.  thick,  in 
9  to  1 2  ft.  lengths.  They  are  forced  down 
by  repeated  blows  from  a  heavy  mallet, 
but  often  the  tubes  get  bent  by  such 
hammering,  and  it  is  better  to  use  either 
screw-jacks  or  hydraulic  rams  to  force  them 
down.  The  tubes  arc  made  with  either 
screw-joints  (fig.  15),  or  lap-joints  with 
rivets,  the  former  kind  being  the  more 
frequently  used. 

Removing  the  Lining. — If  the  tubes  can 
be  withdrawn,  they  are  often  taken  out 
after  the  bore-hole  is  finished,  but,  if  they 
resist  removal,  they  are  left  standing,  as 
the  cost  of  withdrawing  them  would,  in 
many  cases,  be  more  than  the  original  cost 
of  the  tubes.  When  the  friction  is  not 
great.  Kind's  plug  or  shuttle  is  used.  It 
consists  of  an  oval  ball  of  wood,  of  slightly 
smaller  diameter  than  the  tubes.  It  is 
fastened  to  the  end  of  the  rods  and  lowered 
down  ;  a  short,  open  tube  resting  on  its 
upper  surface  is  filled  with  coarse  sand.  When  the  desired  position 
has  been  reached,  the  short  tube  is  raised  by  a  rope,  and  the  sand 
spreads  over  the  plug,  filling  the  space  between  it  and  the  tubes, 
thus  causing  suflScient  friction  for  the  latter  to  be  withdrawn  when 
the  plug  is  drawn  up  (fig.  16).      If  it  is* difficult  to  withdraw  the 


FiQ.  15.  —Tubes  for  lining. 
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tubes,  a  tool,  provided  with  two  darts  or  jaws  which  work  on  a 
spring,  has  to  be  used.  When  this  tool  is  being  lowered  down, 
the  jaws  are  closed,  but  as  soon  as  they  reach  the  bottom  of  the 
tubes  they  fly  outwards,  and  enable  them  to  be 
withdrawn  (see  15,  fig.  14). 

Speed  of  Boring. — The  speed  with  which  a  bore  is 
put  down  varies  according  to  the  nature  of  the  strata 
passed  through  and  the  kind  of  tools  and  machinery 
employed.  In  ordinary  coal  measures,  the  rate  of 
progress  may,  in  the  early  stages,  be  as  much  as 
1  ft.  per  hour ;  but  as  the  hole  gets  deeper  the  speed 
will  be  very  much  lower,  owing  to  the  greater  amount 
of  time  taken  up  in  raising  and  lowering  the  rods, 
and  the  rate  of  progress  may  not  exceed  1  or  2  ft 
in  twenty-four  hours.  In  hard  rocks,  such  as  whin- 
stone,  the  distance  bored  may  not  be  more  than 
6  in.  per  diem. 

WS\  Andre  gives,  as  an  average  speed  in  the  different 

* — ■  measures,  1  ft.  9  in.  per  eleven  hours. 

Fjo.  16.— Plug.         Cost  of  Boring. — This  will  vary  greatly  according 
to  the  nature  of  the  ground  passed  through  and  the 
wages  ruling  in  the  district. 

In  ordinary  boring  by  spring-pole  in  the  coal  measures,  the  prices 
ruling  in  the  North  of  England  are  usually  7s.  6d.  per  fathom  for 
the  first  5  fms.y  15s.  for  the  second  5  fms.,  22s.  6d.  for  the  third, 
and  so  on,  increasing  7s.  6d.  per  fathom  for  every  additional  5  fms. 
depth.  The  prices  in  Scotland  are  4s.  to  4s.  6d.  per  fathom  for 
first  5  fms.,  8s.  per  fathom  for  second  5  fms.,  and  so  on,  increasing 
by  4s.  per  fathom  every  step  of  5  fms.  In  other  districts  the  prices 
are  sometimes  5s.  6d.  per  yard  for  the  first  5  yds.,  7s.  6d.  for  second 
5  yds.,  9s.  6d.  for  the  third  5  yds.,  and  so  on,  increasing  2s.  per  yard 
for  every  additional  5  yds.  in  depth.  These  prices  are  generally 
taken  on  the  basis  of  bore-holes  starting  3  in.  diameter. 
The  cost  of  a  bore-hole  may  be  found  by  the  formula, 


x=  I  2a-h(w~l)^l|, 


fms. 
fms., 


where  «  =  total  cost  in  shillings,  a  =  price  of  first  step,  c?  =  increase 
of  price  for  each  additional  step,  and  n  =  nimiber  of  steps. 

Example. — What  would  be  the  cost  of  a  bore-hole  150 
deep,  if  the  price  of  boring  is  7s;,  6d.  per  fathom  for  first  5 
and  increases  by  7s.  6d.  for  every  subsequent  5  fms.  1 

150 
The  total  number  of  steps  will  be  — —  =  30 

.•.cc=  I  (2x7-5x5) +  (30 -1)7-5  l^ 
=  {(75  -I-  29)7-5}  15  =  1 1,700s.  =  £585, 
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Japanese  Method  of  Boring.* — This  method  is  chiefly  applicable 
in  soft  alluvial  deposits,  which  can  be  bored  through  at  the  rate  of 
60  to  60  ft.  per  day. 

The  tools  used  are  solid,  round,  iron  rods,  connected  by  fish-joints, 
and  terminating  in  a  pear-shaped  solid  plunger  for  soft  ground  and 
an  obtuse  pyramidal  point  for  hard  ground.  By  a  rocking  lever 
terminating  with  a  Jizai  Kagi,  or  kettle-catch  (peculiar  to  Japan),  the 
rods  are  pumped  up,  6  in.  at  a  time,  to  a  height  of  from  2  to  15  ft., 
when  they  are  allowed  to  fall.  Material  is  but  seldom  taken  oujb  of 
the  hole.  During  the  boring  the  hole  is  kept  filled  with  water 
charged  with  clay.  Subsequently  it  may  be  lined  with  bamboo  pipe. 
The  method  is  cheap  and  rapid. 

Cost  of  Boring  Plant. — The  following  are  some  estimates  of  boring 
plant  costs  in  chisel  boring  in  ordinary  coal  measures. 

(1)  For  a  depth  of  33  ft,  with  1-in.  rods  and  2- in.  horing  tools, 

to  include  rigger,  rope,  and  shear-legs,         .  .  .    £21    0    0 

(2)  For  boring  3-in.  and  4-in.  holes,  50  ft.  deep,  with  1-in.  rods, 

2|-in.  and  3|-in.  tools,  with  rigger,  rope,  and  shear-legs,    .      35    6    0 

(3)  For  8-in.  and  4-in.  holes,  depth  100  ft.,  with  1-in.  rods,  2J-in. 

and  3f -in.  tools,  with  screws  for  IJ-in.  bottom  rods,  to  in- 
clude rigger,  rope,  and  shear-legs,     .  .  .  .       44  15    0 

(4)  For  holes  150  ft.  deep,  1  J-in.  rods,  Sf-in.  and  4|-in.  tools,  with 

rigger,  rope,  and  shear-legs, .  .  .  .  .      57    5    0 

(5)  For  Kles  200  ft.  deep,  IJ-in.  rods,  3^-in.,  4i-in.,  and  5|.in. 

tools  for  boring  4-in.,  5-in.,  and  6-in.  holes,  with  screws  for 

IJ-in.  bottom  rods,  and  witli  rigger,  etc.,     .  .  .       70    0    0 

(6)  For  holes  300  ft  deep,  with  4 J-in.,  5i-in.,  and  SJ-in.  tools,  to 

include  rigger,  rope,  etc.,  ani  geared  windlass,        .  .     120    0    0 

(7)  For  holes  500  ft  deep,  same  as  No.  6,  with  £35  extra  for  rods,     155    0    0 

(8)  For  holes  800  to  1000  ft  deep,  with  boring  tools,  etc.,  and  800 

ft  IJ-in.  rods,  .  .  .  .  .  .     195    0    0 

Difficult  lea  and  Accidents  in  Boring. — These,  which  are  common  to 
all  methods  of  boring,  may  be  briefly  summed  up  as  follows : — 

(1)  Brittleness  induced  in  rods  by  repeated  blows  and  vibration. 

(2)  Rods,  chisels,  bolts,  and  other  tools,  by  carelessness,  fall  into  the  hole,  and 

their  extraction  gives  great  trouble. 

(3)  If  the  rods  are  not  kept  rotated,  projections  will  be  left  on  the  sides  of  the 

hole,  which  will  lose  its  circular  form  and  cause  the  rods  to  get  fixed  or 
broken. 

(4)  Tl»e  hole  may  deviate  from  the  vertical  and  so  cause  the  rods  to  get 

jammed. 

(5)  The  sides  of  the  hole  may  fall  in  and  cause  much  labour  and  expense  in 

clearing  again. 

(6)  By  fissures  or  change  of  strata  the  hole  may  become  narrower.  * 

Mather  &  Piatt's  System. — In  this  system  of  boring,  the 
ordinary  rods  are  dispensed  with  and  a  rope  substituted  for  them. 
The  rope  a' passes  over  a  pulley  (6,  fig.  17),  and  is  guided  by  another 
pulley  c  to  a  drum,  which   is   worked   by  a  horizontal  cylinder. 

♦  The  Miners'  Handbook,  Prof.  J.  Milne,  F.R.S.,  p.  42. 
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Between  the  drum  and  the  puUey  a  clamp  d  is  attached  to  the  boring 
frame.  The  rope  between  the  top  pulley  6  and  the  dnun  is  fixed 
by  this  clamp  during  the  operation  of  boring.  A  vertical  cylinder 
e  connected  directly  to  the  pulley  actuates  the  boring  rope  to 
which  the  boring  tool  is  attached.  Steam  is  admitted  into  this 
vertical  cylinder  e  on  the  bottom  side  of  the  piston,  and  the  wheel 
5,  which  works  in  a  sliding  frame,  is  raised  along  with  the  rope  and 
boring  tool.  When  the  piston  has  completed  its  upward  stroke,  a 
valve  /  at  the  bottom  of  the  cylinder  is  opened,  allowing  the  steam 
to  escape,  and  at  the  same  time  the  boring  tool  falls  rapidly,  giving 
a  smart  blow  at  the  bottom  of  the  hole.  The  length  of  the  stroke 
can  be  varied  by  self-acting  tappets  at  the  bottom  of  the  cylinder. 
As  the  wheel  b  can  be  rotated  as  well  as  raised  vertically,  the  boring 


Fig.  17. —Mather  &  Piatt  System. 


Fig.  18.  —Sliding  collar. 


tool  will  be  raised  2  ft.  for  every  foot  the  piston  is  raised,  and  hence 
on  the  downward  stroke  the  boring  tool  will  fall  with  twice  the  speed 
of  the  piston.  The  horizontal  engine  and  drum  attached  are  6nly 
used  for  raising  and  lowering  the  boring  tool  and  the  sand  pump  or 
sludger.  The  rope  is  generally  flat  and  of  hemp,  4J  in.  broad  by 
^  in.  thick. 

In  this  system  of  boring,  the  great  difficulty  at  first  was  the 
turning  of  the  boring  tool  at  each  stroke.  For  this  purpose  an 
ingenious  arrangement  was  adopted. 

The  sliding  collar  {g,  fig.  18)  has  a  series  of  teeth  top  and  bottom. 
On  raising  the  rope  on  the  up  stroke^  this  collar  g  fits  into  another 
fixed  collar  /  at  the  top,  the  lower  edge  of  which  has  a  corresponding 
set  of  teeth.  When  the  tool  falls  and  strikes  the  blow  at  the  bottom 
of   the    hole,  the   sliding   collar  g  descends  and  fits  into  another 


THE  SEARCH  FOR  COAL. 


23 


collar  e,  having  teeth  which  are  set  half  a  tooth  in  advance  of 
those  in  the  sliding  collar  g.  Thus,  when  the  tool  falls,  the  inclined 
surface  of  the  lower  teeth  in  the  collar  g  strikes  the  point  of  the 
teeth  in  ^,  and  finally  fits  into  them,  thereby  giving  the  flat  rope  a 
turn  of  half  a  tooth,  and  on  the  tool  being  raised  it  is  twisted  another 
half  tooth,  when  the  sliding  collar  comes  again  in  contact  with  the 
teeth  in  /.  The  rope  therefore  receives  altogether  a  twist  to  the 
extent  of  one  tooth,  and  in  untwisting  it  must  turn  the  tool  a  like 
amount,  causing  it  to  strike  in  a  fresh  place.  This  constant  change 
goes  on  automatically,  and  secures  the  efficient  cutting  of  the  rock. 
The  boring  tool  can  be  lowered  at  the  rate  of  500  ft.  per  minute,  and 
can  deliver  about  twenty-four  blows  per  minute,  the  rate  of  boring 


Figs.  19  and  20.— Diamond  drills. 

being  2  to  4  ft.  per  diem  in  deep  bore-holes.  Tlie  cost  of  this  method 
of  boring  seems,  however,  to  be  somewhat  more  expensive  than  any 
other  system,  a  bore-hole  at  Middlesbrough,*  1200  ft.  deep,  costing  no 
less  than  £8,  6s.  8d.  per  foot. 

Diamond  or  Eotary  Boring. — In  this  system  of  boring,  a  solid  core 
of  the  strata  passed  through  is  cut  out  by  means  of  diamonds  set  in 
a  cylindrical  crown,  which  is  fastened  to  the  foot  of  the  rods,  and  is 
furnished  with  grooves  for  the  circulation  of  water.  At  the  foot  of 
the  boring  rods  there  is  a  cup  3  ft.  long  and  4i  in.  inside  diameter, 
by  which  any  sediment,  too  heavy  for  the  water  to  carry  away,  is 
caught.  This  cup  and  the  rods  are  attached  by  two  plugs  to  a  core 
tube  12  ft.  long;  at  its  lower  end  there  is  a  nipple  for  connecting  it 
with  the  crown  (figs.  19,  20).     At  the   junction  of  the   two  plugs 

*  Trans.  K.  Eng,  Inst,  Min,  and  Mceh.  E,^  vol.  xxx,  p,  88# 
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there  is  a  loose  steel  ring,  inside  which  the  core  tube  and  crown 
revolve,  and  which  serves  to  prevent  the  tube  from  getting  worn  by 
friction  with  the  sides  of  the  bore-hole.  Inside  the  crown  there  is  a 
spring  trap  for  extracting  the  cores.  Its  sides  are  parallel  through- 
out its  inside  diameter,  but  bevelled  on  the  outside  to  allow  of  its 
rising  and  falling.  When  the  crown  is  revolving  the  spring  trap  is 
*up,'  in  order  to  allow  the  core  tube  to  rotate  freely,  but  when  a 
core  is  about  to  be  drawn  the  trap  is  jammed  down  to  permit  the 
core  to  be  broken  off  as  required.  The  boring  rods  are  tubes 
about  If  in.  diameter,  made  of  mild  steel,  in  lengths  of  12  ft.,  and 
weigh  about  50  lbs.  each.  A  constant  stream  of  water  is  forced 
under  pressure  through  these  rods  at  the  rate  of  12  to  16  gallons « 
per  minute.  On  reaching  the  bottom  this  water  circulates  outside 
the  rods,  returning  ultimately  to  the  surface,  and  carrying  with  it 
any  sediment  made  by  the  cutting  of  the  core.  The  rods  are  . 
rotated  by  gearing  driven  by  a  pair  of  small  vertical  engines  with 
cylinders  6  in.  diameter  and  10  in.  stroke,  the  revolutions  of  the  rods 
being  at  the  rate  of  1 00  to  200  per  minute. 

Figs.  21  and  22  show  the  method  of  working.  At  the  beginning 
of  the  bore  the  rods  are  weighted  (fig.  21)  to  give  sufl&cient  pressure 
to  the  diamonds,  the  weight  being  from  15  to  20  cwts.  in  soft  strata 
and  from  20  to  30  cwts.  when  hard  strata  are  being  cut.  As  the 
depth  of  the  hole  increases,  these  weights  are  gradually  taken  off, 
the  weight  of  the  rods  alone  being  sufficient  to  cause  the  required 
pressure,  while,  if  the  hole  be  a  deep  one,  part  of  the  weight  may 
require  to  be  counterpoised  by  others.  The  diamonds  used  for  boring 
are  what  are  known  as  *  Boart,'  or  fractured  diamonds,  costing  about 
12s.  a  carat.  In  a  crown  5^  in.  diameter,  sixteen  to  eighteen  stones 
would  be  used,  costing  from  £35  to  £40.  The  whole  crown,  including 
diamonds,  would  cost  about  £80. 

Speed  of  Diamond  Boring, — In  good  firm  strata,  and  with  a  speed 
of  100  revolutions  per  minute,  30  to  40  ft.  may  be  bored  through  in 
nine  hours ;  but  either  in  very  hard  rock  or  very  soft  strata  the  rate 
would  be  sensibly  reduced,  particularly  if  the  hole  becomes  deep. 
*A  bore-hole  was  put  down  at  Newton  in  Lanarkshire  by  Messrs 
Thomson  Brothers,  Dunfermline,  the  depth  of  which  was  149  fms. 
3  ft.  10  in.  It  was  commenced  on  19th  December  1889,  and  finished 
on  25th  March  1890,  the  total  nimiber  of  days  worked  being  sixty- 
seven,  giving  an  average  rate  of  cutting  of  13*4  ft.  per  day  of  nine 
hours.  To  attend  to  the  operations  three  men  were  required,  a  leader 
and  two  assistants. 

Cost  of  Diamond  Boring, — In  the  North  of  England  the  cost  of 
diamond  boring  is  8s.  per  foot  for  the  first  100  ft,,  increasing  Ss.  per 
foot  for  every  additional  100  ft.  In  other  districts,  bore-holes  not 
exceeding  1000  ft.  are  charged  £1  per  foot,  1000  to  1500  ft.  deep 

♦  TraTis.  M,  L  Scot,,  1891,  p.  156. 
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£1, 10s.  per  foot,  1500  to  2000  ft.  deep  £2, 10s.  per  foot.  In  Scotland 
the  cost  of  diamond  boring  is  £3  per  fathom  for  depths  up  to  150 
fms.,  and  from  150  to  250  fms.  deep  £5  per  fathom. 

For  these  rates  the  boring  firm  usually  supply  all  labour,  took,  and 
machinery  required,  those  for  whom  the  bore  is  being  made  paying 
railway  costs  and  cartage  to  the  site  of  the  bore,  and  also  providing 
the  necessary  lining  tubes,  fuel  supply  for  engine,  and  water  supply 
required  for  the  boring  operations. 

Advantages  of  the  diamond  System, — The  advantages  claimed  for 
this  system  are  : — 

(1)  It  is  more  expeditious  than  methods  of  boring  by  chisel 

(2)  Cores  of  the  strata  being  obtainable,  a  correct  section  of  the 

rocks  passed  through  can  be  ascertained  and  the  inclination 
of  strata  seen. 

(3)  For  deep  holes  it  is  cheaper  than  the  chisel  method. 

In  very  soft  strata  the  cores  got  are  not,  however,  very  satisfactory. 

Other  Objects  of  Boring — Tapping  Waste  Workings  containing 
Water, — Boring  has  often  to  be  carried  out  underground  when  old 
workings  supposed  to  contain  water  or  gas  are  being  approached.  In 
these  circumstances,  a  pair  of  narrow  drifts  6  to  9  ft.  wide  are  driven 
in  advance  of  the  working  faces  at  the  nearest  point  to  where  the 
waste  is  to  be  tapped.  Bore-holes  are  kept  in  advance  of  the  face 
for  a  distance  of  not  less  than  1 5  ft.,  and  also  sufficient  flank  holes 
set  at  an  angle  of  about  45"  with  the  drift.  If  the  coal  and  roof 
are  *  tender,'  and  the  pressure  of  the  water  great,  the  advance  holes 
will  require  to  extend  a  good  deal  further  than  15  ft.  Whatever 
length  is  decided  on  ought  to  be  adhered  to  throughout,  and  the 
greatest  care  should  be  taken,  as  old  plans  cannot  be  implicitly  relied 
on.  The  holes  are  usually  bored  with  light  iron  rods  |  in.  to  J  in. 
square,  and  in  6-ft.  lengths,  the  drill  cutting  a  hole  about  1^  in. 
diameter,  the  holes  being  sloped  a  little  towards  the  roof. 

If  the  old  workings  take  the  form  of  an  irregular  boundary  of  *  stoop 
and  room,'  there  is  always  a  danger  of  an  open  *  end '  being  passed 
by  the  exploring  road  at  a  short  distance  from  it,  so  that  if  the  flank 
holes  are  not  sufficiently  close  to  catch  the  old  roads,  the  water  may 
break  through  on  the  side  of  the  exploring  drift,  possibly  at  some 
distance  back  from  the  face.  After  the  waste  is  tapped,  it  may  be 
necessary  to  regulate  the  escape  of  water  to  suit  the  capacity  of  the 
pumping  plant,  otherwise  the  pit  may  become  flooded.  This  is 
often  done  by  the  insertion  of  a  tube  in  the  last  length  of  the 
hole,  into  which  are  fitted  wooden  plugs,  5  to  8  ft.  long,  tapered 
1  in.  to  2 1  in.,  having  a  hole  bored  through  their  centre  to  allow 
just  as  much  water  to  escape  as  the  pumping  arrangements  can 
adequately  deal  with.  The  tube  may  also  have  a  tap  fixed  to  it,  when 
the  water  can  be  drawn  off  as  required.  If  fire-damp  is  suspected, 
only  safety-lamps  should  be  used,  and  spare  lamps  kept  ready  lighted 
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at  some  distance  in  the  rear.  Precautions  should  also  be  taken  to 
provide  against  other  gases  escaping  in  dangerous  quantities. 

In  tapping  wastes  by  the  ordinary  method  of  drilling  holes,  over, 
on  an  average,  20  ft.  in  length,  there  is  always  much  difl&culty  ex- 
perienced in  getting  the  tools  to  clear  themselves;  indeed,  they 
often  get  choked  up  altogether  with  the  loose  debris,  and  occasion 
much  trouble  in  withdrawal.  To  remedy  this  difficulty,  boring 
machines  specially  adapted  for  the  purpose  are  sometimes  used. 
Such  a  machine  is  shown  in  fig.  23. 

*  The  machine  consists  of  a  cylinder  c  1 J  in.  diameter,  furnished 
with  packing  glands  through  which  a  spindle  8,  connected  to  the 


fl(>.  23. — Boring  machine, 

boring  rods,  is  worked.  Fixed  on  the  frame  is  a  pump-chest  D, 
which  is  connected  to  the  cylinder  c  by  means  of  an  india-rubber 
pipe  E  f  in.  diameter.  In  this  pump-chest"  are  two  small  plunger 
pumps,  1  in.  diameter  and  1  in.  stroke.  These  pumps  are  worked  off 
two  cranks  on  the  spindle  s,  and  are  supplied  with  water  by  a  pipe 
leading  to  a  cistern.  On  the  outer  end  of  the  spindle  is  a  handle  for 
working  the  machine.  The  whole  apparatus  is  placed  on  a  bogie 
running  on  ordinary  rails.  The  machine  is  kept  moving  forward, 
while  the  drilling  proceeds  by  means  of  a  chain  fixed  to  a  barrel  b 
with  a  ratchet  wheel ;  the  chain  passes  round  two  other  pulleys  p,  p' 
fixed  to  a  prop  h,  and  a  weight  W  is  hung  at  the  other  end  of  the 
chain.  The  rods,  which  are  hollow,  are  |  in.  diameter  outside  with 
i  in.  diameter  opening,  and  are  made  in  6-ft.  lengths.  They  are  con- 
nected to  each  other  by  the  ordinary  method  of  screwing.  The  drill 
is  also  hollow  and  IJ  in.  outside  diameter,  and  is  of  the  ordinary 

*  Trans.  M.  I,  Scot.,  vol.  xiii.  p.  82. 
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description  used  for  drilling  holes,  except  that  IJ  in.  from  the  point 
is  an  opening  to  allow  the  water  to  escapa  In  applying  the  machine, 
the  handle  is  rotated,  and  this  in  turn  works  the  cranks  attached 
to  the  two  force  pumps  which  force  the  water  into  the  cylinder  r, 
and  thence  into  the  hollow  rods,  which  carry  it  forward  to  the  drill 
point,  where  it  is  discharged,  and  flows  back  through  the  hole,  carrying 
the  debris  along  with  it. 

Holes  have  been  bored  with  this  machine  for  distances  of  150  to 
170  ft.,  the  rate  of  cutting  being  on  an  average  30  yds.  per  shift  of 
eight  hours,  employing  two  men.  The  machine  can  be  used  either  in 
ordinary  strata  or  in  coal. 

Old  wastes  may  also  be  tapped  by  diamond  drills,  used  in  much  the 
same  way  as  when  employed  at  the  surface. 

At  the  Carron  Company's  Collieries  at  Bishopbriggs,  near  Glasgow, 
bore-holes  were  drilled  in  this  manner  into  old  wastes  containing  water, 
the  distance  being  about  120  ft.  The  power  was  derived  from  a 
small  Priestman  oil-engine  developing  3 J  horse-power,  with  a  con- 
sumption of  3  gallons  of  oil  in  eight  hours.  The  speed  of  the  engine 
was  150  to  250  revolutions  per  minute,  while  that  of  the  drill  was  75 
to  125  revolutions  per  minute.  The  ignition  in  the  cylinder  of  the 
engine  was  obtained  by  electric  spark  from  a  bichromate  battery, 
which  served  for  about  500  hours. 

The  speed  of  boring  in  the  different  strata  per  shift  of  eight  hours 
with  two  men  was,  in  sandstone,  30  ft.,  shale,  18  ft.,  ironstone,  15  ft, 
and  coal,  47  ft.  Better  results  could  have  been  obtained,  but  the 
position  whence  the  drilling  was  carried  on  being  confined,  short 
lengths  of  rods,  18  ins.,  36  ins.,  and  54  ins.  long,  had  to  be  used  at 
first,  which  necessitated  frequent  changing. 

Surveying  Bore-holes. — Bore-holes  are  very  apt  to  depart  from 
the  vertical,  and  may  thereby  give  misleading  results;  so  that  it 
often  becomes  necessary  to  ascertain  the  amount  of  deviation.  This 
can  be  measured  by  the  aid  of  a  clinograph  or  clinostat,  an  instnir 
ment  which  was  first  invented  and  used  by  Mr  E.  F.  Macgeorge,  in 
the  Colony  of  Victoria,  Australia.  *  It  consists  of  two  glass  bulbs,  the 
upper  one  carrying  a  plummet  and  the  lower  one  a  magnetic  needle, 
both  bulbs  being  filled  with  liquid  gelatine.  The  needle  is  so 
arranged  that  it  can  swing  freely  without  touching  the  sides  of  the 
glass  bulb,  and  so  set  itself  in  the  magnetic  meridian.  The  small 
glass  cylinder,  terminating  in  the  bulb  at  the  top,  is  inserted  through 
an  air-tight  cork  and  a  brass  capsule  at  the  upper  end.  This  upper 
bulb  contains  a  delicate  plummet  of  glass,  with  a  diminutive  hollow 
float  at  the  top  and  a  solid  ball  at  the  laottom,  which  is  prevented 
from  falling  out  by  a  delicate  grating.  It  is  carefully  adjusted  to  the 
specific  gravity  of  the  solidifying  fluid  used,  and  is  so  arranged  that 
it  will  assume  a  vertical  position  whenever  it  is  free  to  move. 

*  For  full  description  of  this  instiximent,  see  Mine  Survtying^  by  Bennett  H. 
Brough,  p.  300. 
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To  use  the  instrtiment,  six  of  the  bulbs  are  placed  in  a  bath  of  warm 
water,  heated  nearly  to  boiling  joint,  and  a  brass  cylinder  is  also 
heated  by  filling  it  several  times  with  hot  water.  The  clinostats  are 
then  put  into  this  cylinder  one  after  the  other,  and  lowered  into  the 
bore-hole,  where  they  are  allowed  to  remain  for  two  or  three  hours. 
By  this  time  the  gelatine  will  have  *  set,'  fixing  the  needle  in  the 
direction  it  had  assumed  prior  to  the  solidification.  The  brass  cylinder 
is  then  withdrawn,  and  the  clinostats  are  examined  one  by  one  in  an 
instrument  specially  designed  for  the  purpose  of  ascertaining  the 
deviation.  Bore-holes  may  be  brought  back  to  the  plumb,  if  deviated, 
by  forcing  an  india-rubber  washer  down  to  a  depth  of  20  yards  or  so 
beyond  the  point  of  deviation,  and  then  running  in  liquid  cement  to 
some  feet  above  where  the  hole  has  deflected.  The  cement  is  allowed 
to  properly  harden,  when  boring  may  again  be  commenced  in  the 
right  direction. 


CHAPTEE  UL 

SINKING. 

Preliminary  Considerations. — After  a  coal-field  has  been  sufficiently 
proved  by  boring,  and  the  seams  have  been  found  to  be  of  good 
quality  and  of  sufficient  thickness  to  be  payable,  the  sinking  of  shafts 
to  *  win  '  the  coal  has  next  to  be  considered.  Sinking  operations  may 
be  divided  into  two  stages,  viz.,  (1)  sinking  through  the  surface  deposit, 
(2)  sinking  through  the  regular  strata. 

The  surface  deposit  is  often  thin  and  firm  and  easily  sunk  through ; 
at  other  times,  however,  it  is  the  most  difficult  part  of  the  work.  This 
is  particularly  tlie  case  when  a  bed  of  running  sand  or  mud  is  en- 
countered, or  when  a  thick  bed  of  mud  and  boulders,  or  a  bed  of  peat 
moss  is  met  with,  such  formations  presenting  considerable  difficulties 
before  a  shaft  can  be  sunk  through  them. 

Before  starting  to  sink,  several  important  points  have  to  be  disposed 
of,  among  which  may  be  mentioned  the  following : 

(1)  What  is  the  extent  of  the  field  or  royalty  to  be  worked  1 

(2)  What  are  the  number  and  thicknesses  of  seams  to  be  worked  ^ 

(3)  What  output  must  be  produced  per  day  to  yield  a  profit  on 
the  capital  invested  ? 

(4)  What  quantity  of  water  is  likely  to  be  met  with  ? 

(5)  What  number  of  shafts  will  be  required,  and  what  size  must 
they  be  ? 

(6)  What  should  their  positions  be  as  regards  markets,  railway 
communication,  etc. 

Size  and  number  of  Shafts. — The  size  and  number  of  shafts  re- 
quired will  largely  depend  on  the  first  two  heads :  the  extent  of  the 
field  leased,  and  the  number  and  thickness  of  seams  to  be  worked. 
Two  shafts  are  the  minimum  required  under  the  Coal  Mines  Regulation 
Act,  as  a  single  shaft  is  only  allowed  under  very  exceptional  circima- 
stances  (see  rules  37,  57,  58).  The  size  of  shaft  will  largely  depend 
on  the  possible  output  per  day,  and  on  the  number  of  years  the 
coal-field  is  leased  for,  or  can  be  exhausted  in  ;  points  which  may 
be  decided  approximately  as  follows  : 

(1)  Tons  required  to  be  raised  per  year=  ,,  Total  tons  of  royalty     ^ 

Number  of  years  in  lease 

(2)  Tons  required  to  be  raised  per  day  ^Tonsreqmred  to  be  raised  pe^w  _ 

Number  of  working  days  per  year 
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In  England  leases  are  generally  for  |rom  thirty  to  ninety-nine 
» years.     The  number  of  years  for  which  leases  are  usually  granted  in 
Scotland  is  twenty,  twenty-five,  or  thirty. 

The  size  of  the  shaft  will  also  largely  depend  on  the  depth  of  the 
seams  from  the  surface,  and  the  amount  of  water  to  be  pumped. 
For  an  output  of  300  tons  or  less  per  day,  with  depth  not  exceed- 
ing 240  yards,  and  pumps  12  in.  diameter,  a  rectangular  shaft  14  ft. 
X  6  ft.  inside  the  lining  would  be  quite  large  enough.  If  circular, 
a  shaft  10  ft.  in  diameter  would  sxiffice,  under  such  conditions.  For 
outputs  above  300  tons  and  up  to  1000  tons  per  day,  a  shaft  to 
hold  two  double  cages  would  be  necessary,  and  this  would  require 
increased  shaft  space.  A  rectangular  shaft  23  ft.  6  in.  x  6  ft.  6  in. 
inside  the  lining,  or  a  circular  shaft  16  or  17  ft.  diameter  would, 
approximately,  meet  the  requirements. 

Site  of  Shaft, — In  choosing  a  site  for  shafts,  if  the  surface  con-  • 
ditions  are  suitable,  it  is  generally  best,  in  the  case  of  a  large  royalty, 
to  sink  as  near  to  the  centre  of  the  field  as  possible,  for  if  this  site  be 
chosen,  the  pits  will  not  be  so  deep — except  where  the  royalty  takes 
the  form  of  a  basin  with  the  deepest  part  in  the  centre — as  if  sunk 
at  the  extreme  dip ;  and  the  length  each  ton  of  coal  has  to  be  hauled 
will  also  be  less. 

The  long  side  of  the  shaft  is  usually  sunk  in  the  line  of  the 
dip  of  the  seam,  so  as  to  get  the  main  roads  from  the  pit  bottom 
set  oif  to  level  course.  If  the  shafts  are  not  simk  in  the  line  of 
the  dip,  then  to  get  the  roads  level  course  at  the  pit  bottom,  the 
pavement  (floor)  would  require  to  be  cut  on  one  side,  while  on  the 
other  side  it  would  require  to  be  banked  up. 

As  a  rule  it  is  best  to  sink  the  shafts  to  suit  the  underground 
workings,  and  arrange  the  surface  accordingly.  The  site  should 
also  be  chosen  advantageously  in  regard  to  the  transit  of  coal  by 
road,  river,  or  rail,  and  close  to  a  supply  of  good  water  for  boilers, 
etc.  It  is  a  very  common  custom  to  sink  the  shafts  close  together, 
so  as  to  concentrate  the  banking  and  coal-cleaning  arrangements. 
It  is  sometimes  stipulated  in  leases  where  the  landowner  desires  the 
shafts  to  be  sunk. 

Fo7*m  of  Shafts. — Shafts  may  be  either  rectangular,  circular,  or 
elliptical  in  shape.  The  rectangular  shape  is  almost  exclusively  used 
in  Scotland  and  very  commonly  in  America,  while  in  metalliferous 
mining  it  is  nearly  always  adopted.  Circular  shafts,  on  the  other 
hand,  are  employed  in  England  and  Wales  for  coal-mining,  and 
also  on  the  Continent.  In  France  and  occasionally  in  Wales  shafts 
elliptical  in  form  are  used.  In  some  parts  of  Fifeshire,  square  shafts 
are  sunk,  but  this  form  is  not  to  be  recommended,  especially  in  the 
case  of  large  shafts. 

Each  of  these  forms  has  its  own  advantages,  the  circular  being  the 
best  adapted  to  resist  heavy  pressure,  and  therefore  suitable  for  deep 
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shafts.  This  form  is  also  best  suited  for  ventilating  purposes,  as 
there  is  always  a  certain  amount  of  space  unoccupied  by  the  cages. 
The  rectangular  form  of  shaft  is  more  economical  to  sink,  easier 
lined  and  secured,  and  the  space  can  be  better  utilized  for  winding, 
pumping,  and  other  arrangements,  while  less  material  requires  to  be 
excavated. 

Commencing  Operations. — The  position  and  size  of  the  shaft 
having  been  pegged  oif,  the  surface  soil  is  removed,  the  sides  being 
supported  with  a  temporary  lining,  if  required,  until  the  *  rock-head ' 
is  reached,  when  a  perfectly  level  bed  is  prepared  on  which  to  lay 
the  first  walling  crib.  If  the  shaft  has  to  be  lined  with  brick,  the 
walling  may  be  started  forthwith,  but  very  often  the  sinking  is 
carried  on  to  a  considerable  depth  by  the  aid  of  temporary  lining, 
and  walled  up  afterwards. 

•     To  allow  for  temporary  lining  and  walling,  the  diameter  of  the  pit 
will  require  to  be  a  good  deal  larger  at  starting  than  the  ultimate 


Plan.  Elevation. 

Figs.  24  and  25.— Oak  curb. 

finished  size ;  thus  a  pit  intended  to  be  15  ft.  diameter  inside  the 
walling  will  have  to  be  begun  with  a  diameter  of  17  or  17^  ft.  at 
least. 

The  curbs  that  arc  used  are  generally  made  of  oak,  cut  into  seg- 
ments to  fit  the  circumference  of  the  shaft,  when  the  latter  is  circular. 
They  vary  in  size,  being  commonly  6  in.  x  4  in.  or  9  in.  x  4  in.,  while 
sometimes  they  are  made  6  in.  square.  The  segments  are  dressed 
and  fitted  together  at  the  surface,  and  are  then  sent  down  the  pit 
and  jointed  together  by  cleats.  Figs.  24  and  25  show  the  con- 
struction of  some  of  these  oak  curbs. 

Where  the  shaft  has  to  be  supported  with  temporary  lining,  a 
square  frame  made  of  four  strong  oak  beams,  12  in.  to  18  in.  square, 
and  firmly  bolted  together,  is  laid  across  the  top  of  the  pit,  and  to 
these  the  wood  lining  is  secured.  Figs.  26  and  27  show  how  this 
temporary  lining  is  fixed  in  the  shaft.  When  a  curb  is  placed  in 
position,  'backing  deals'  or  Magging'  of  white  pine  boards,  6  to  9  ft. 
long  by  9  in.  to  1 2  in.  broad,  and  1  ^  in.  or  2  in.  thick,  are  fitted  in 
all  round  between  the  sides  of  the  shaft  and  the  curb.  When  these 
are  fixed,  another  curb  is  put  in,  about  every  6  ft.,  until  the  surface 
is  reached.  The  curbs  are  kept  in  position  by  *  punch  props'  being 
inserted  between  them,, all  roimd  the  shaft,  and  finally  they  are 
secured  to  the  cross-beams  at  the  surface  by  means  of  *  stringing 
deals,'  which  are  also  carried  down  from  curb  to  curb  as  the  work 
proceeds   (fig.    35).     If    this    temporary   lining    continues    to   any 
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great  depth,  its  weight  may  be  transferred  to  other  beams  fixed  in 
the-  shaft. 

When  the  walling  of  masonry  is  about  to  be  commenced,  the  shaft 


l^^*^-  a* tagging   deals 

b' stringing  deals 
c* punch  props 

Figs.  26  and  27. — Temporary  lining. 

is  *laid  back'  for  2  ft.  or  3  ft.,  and  an  even  bed  prepared  for  a 
walling  crib ;  the  crib  being  carefully  laid,  the  walling  proceeds,  and 
is  carried  up  for  a  distance  of  10 
to  15  yards,  when  another  crib  is 
laid  as  before.  In  starting  to  sink 
below  the  waUing,  the  shaft  is 
out  narrow  at  first,  and  gradually 
widened  out  to  its  proper  width, 
so  as  to  leave  a  ledge  of  rock  to 
support  the  walling  above  (see  fig. 
28).  When,  at  a  later  stage,  the 
walling  is  being  built  up  from  be 
low,  this  ledge  is  not  removed  all 
at  once,  but  it  is  taken  out  in 
sections  around  the  circumference, 
these  sections  or  arcs  being  then 
built  up  to  the  walljng  above  until 
the  junction  is  made  good  all 
round.  The  masonry  is  not  usually 
built  back  close  to  the  strata,  but 
a  small  space  is  left,  which  is  filled 
with  fine  ashes  or  other  porous  material,  so  that  it  helps  to  relieve 
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Tiu.  28. — Diagi-am  of  sinking. 
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the  pressure  arising  from  the  sides  on  the  brickwork.     The  walling 
is  carried  on  by  means  of  a  *  hanging  scaffold  *  or  *  walling  cradle/ 

made  up  of  3-in.  or  4-in.  planking, 
bolted  together  and  made  to  fit 
the  curve  of  the  shaft.  It  is 
usually  made  with  1-in.  or  2-in. 
clearance  all  round,  and  guides  the 
workmen  in  the  building  of  the 
brickwork.  The  *  cradle  *  is  secured 
to  the  winding  rope  by  four  chains, 
the  latter  being  fastened  to  the 
scaffold  by  eye-bolts  (see  fig.  29). 

Sometimes  the  walling  is  carried 
out  by  the  help  of  iron  sections. 
The  height  of  these  sections  is  from 
2  ft.  to  3  ft.  3  in.  The  brickwork 
is  placed  around,  and  in  contact 
with  it.  When  a  circular  tier  of 
walling  is  thus  completed,  the  iron 
section  is  raised  and  another  tier 
of  masonry  placed  in  position. 
In  this  way  the  time  usually  spent  in  measuring  the  diameter  and 
ascertaining  whether  the  masonry  is  vertical  is  saved. 


Fig.  29.— Hangiug  scaffold. 


Figs.  30  and  31.— Galloway's  scaflfold. 


When  the  space  between  the  walling  and  the  strata  is  to  be  filled 
in  with  concrete  or  cement,  the  larger  size  (3  ft.  3  in.)  of  iron  circle 
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is  used,  so  that  more  of  it  may  be  left  below,  as  a  support,  imtil  the 
cement  sets. 

Sinking  and  Walling  Simvltaneomhj, — The  work  of  sinking  has  in 
ordinary  cases  to  be  suspended  while  walling  is  being  performed.  In 
order  to  obviate  this,  a  scaffold  differing  from  the  ordinary  *  hanging 
cradle '  is  used.  This  scaffold  was  invented  by  Mr  WiUiam  Galloway. 
It  consists  of  a  wooden  floor,  fixed  to  an  angle  iron  frame  (see  figs. 
30  and  31).  There  are  two  platforms,  and  access  between  them  is 
effected  by  means  of  an  iron  ladder. 

On  one  side  of  the  bottom  platform  is  placed  a  hinged  door, 
which  can  be  raised,  to  admit  of  material  being  raised  or  lowered. 
The  scaffold  is  steadied  by 
two  guide  ropes,  and  as  it 
occupies  nearly  the  full  area 
of  the  shaft  inside  the  walling, 
it  saves  the  time  usually  taken 
in  measuring  the  diameter 
every  few  yards. 

*At  Newbattle  Colliery  a 
scaffold,  constructed  on  this 
principle,  was  used  for  putting 
in  the  brick  lining  in  a  shaft 
1650  ft.  deep,  20  ft.  diameter, 
which  was  walled  from  top  to 
bottom.  The  construction  of 
the  scaffold  will  be  understood 
from  the  illustrations  (figs. 
32,  33).  The  cradle  as  here 
used  consisted  of  a  working 
floor  a  and  a  protecting  roof 
h.  Between  these,  ample 
height  is  left  for  men  to  work. 
The  centre  of  the  cradle  con- 
tains an  opening  which  pro- 
vides space  for  two  buckets  or 
*  kibbles'  passing  each  other. 
This  opening  is  fenced  by  a 
circle  of  sheet  iron  6J  ft.  high 
and  \  in.  thick,  bolted  to  the 
six  upright  angle  bars  and 
hangers. 

The  floor  stage  was  formed 
by  a  4  in.  X  4  in.  X  I  in.  mild  steel  angle-bar,  bent  to  the  curvature 
of  the  shaft,  supported  on  and  fastened  to  the  bottom  frame  or 
flooring,  which  is  constructed  of  5  in.  x  5  in.  x  f  in.  steel  angle- 


FiG.  32. — Section  of  scaffold  used  at 
Newbattle  Colliery. 


*  Trans.  Fed,  InsU  Min,  Eng.,  vol.  viii.  p.  118. 
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.bars.  A  door  or  hatchway  is  hinged  to  the  floor,  and  is  raised  or 
lowered  by  block  and  tackle  fastened  by  shackles  to  the  door  or 
framing  of  the  scaffold. 

The  door  is  recessed  to  allow  of  its  closing  the  air-boxes  and  pipes. 
Hatchway  doors  are  also  left  on  the  other  side  of  the  cradle  to  per- 
mit of  the  brick  kibble  being  lowered  through  if  required.  The  roof 
of  the  scaffold  was  composed  of  5  in.  x  5  in.  x  f  in.  steel  angle-irons 
covered  with  sheet-iron  plates  f  in.  thick.     Where  the  suspending 

wheels  carried  the  whole 
of  the  cradle,  the  framing 
of  the  roof  was  constructed 
of  double  5  in.  x  5  in.  x  |- 
in.  steel  angle-bars  riveted 
together. 

The  floor  and  roof  of 
the  scaffold  are  connected 
together  by  four  comer 
steel  angle-bars  5  in.  x  5 
in.  X  f  in.  bolted  to  the 
top  and  bottom  framing. 
Four  stays  ss  are  plac^ 
to  the  four  upright  bars 
for  the  purpose  of  support- 
ing and  stiffening  the  roof 
framing.  Two  tension- 
rods  1^  in.  diameter  are 
secured     to     the     double 
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Fig.  33.— Plan  of  scaffold  used  at 
Newbattle  Colliery. 


angle-bars  and  to  the  outer  ring  of  the  floor  for  the   purpose  of 
strengthening  and  carrying  the  floor. 

A  sheet-iron  ring,  y\  in.  thick,  is  bolted  to  the  circular  framing, 
and  forms  a  fence  round  the  scaffold  18  in.  high.  The  difference 
between  the  diameter  of  the  pit  and  the  upper  side  of  this  ring  is 
about  1^  in.,  i.e.,  an  opening  of  f  in.  exists  between  the  brickwork 
and  the  fence.  Finding  plates  pp  are  bolted  to  the  bottom  of  the 
scaffold  to  guide  the  bucket  into  the  opening  of  the  floor.  The 
weight  of  the  scaffold  is  about  8^  tons,  but  with  a  fvdl  working  load 
becomes  about  20  tons.  The  scaffold  was  suspended  in  the  shaft 
by  four  ropes  in  double  purchase,  the  ropes  being  5  in.  in  circimifer- 
ence  and  made  of  Bessemer  steel  wire.  One  end  of  these  ropes  is 
made  fast  at  the  surface  by  attachment  to  a  heavy  screw  which 
serves  the  purpose  of  adjustment  in  the  event  of  the  ropes  riding 
unevenly  on  the  drums. '  The  other  end  passes  round  the  wheel  on 
the  cradle  and  over  another  wheel  on  the  winding  frame  and  thence 
to  the  crab  drum.  Four  drums  are  thus  required  on  the  crab  engine. 
These  ropes  between  the  scaffold  and  the  pulley  on  the  frame  also 
served  for  guide  ropes  for  a  rider  to  run  on,  to  guide  the  kettle  in 
the  shaft.     In  addition  to  these,  another  guide  rope,  made  fast  at  the 
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top  like  the  others  and  looped  down  the  shaft,  is  provided.  U^wn 
this  was  hung  a  pulley  supporting  a  water  tank  and  scaffold  with  two 
piilsometers,  and  the  suction  and  delivery  pipes. 

This  double  rope  is  brought  through  the  cradle  and  the  loose  end 
led  to  one  of  the  two  drums  on  the  winding  engine.  The  other  drum 
is  provided  with  a  winding  rope,  and  the  bucket  used  with  this  rope 
runs  with  a  rider,  with  the  pump-suspending  rope  as  a  guide  at  each 
side,  and  serves  to  supply  the  scaifold  with  bricks,  lime,  etc. 

Both  drums  on  the  winding  engine  were  worked  by  clutches,  so 
that  when  shots  were  being  fired  at  the  bottom,  the  pulsometer  and 
scaffold,  etc.,  after  being  disconnected  from  the  steam  pipe,  could  be 
hauled  up  out  of  danger. 

The  whole  of  the  work,  such  as  forming  crib-beds,  lodgments,  and 
the  ordinary  sinking,  was  carried  on  simultaneously  with  the  walling 
without  the  men  requiring  to  be  drawn  from  the  pit  bottom ;  the 
only  time  the  cradle  required  raising  to  the  surface  being  when  the 
men  were  changing  shifts. 

The  advantages  claimed  for  this  method  are  : — 

(1)  It  permits  of  quick  winding  with  double  buckets. 

(5)  No  time  is  lost  through  the  sinkers  being  withdrawn  for  the  purpose  of 

walling. 

(3)  The  hackwork  can  be  better  done  by  skilled  bricklayers,  and  at  a  less 

cost  than  by  sinkers. 

(4)  In  forming  any  lodgments  or  roads  off  the  shaft-side,  no  delay  in  sinking 

need  be  incurred. 

(6)  The  suspension  of  a  substantial  structure  in  the  shaft  affords  protection  to 

the  men  working  at  the  pit-bottom. 

When  the  strata  passed  through  are  soft  and  unable  to  bear  the 
weight  of  the  curb  and  walling,  holes  are  drilled  all  round  the  side  of 
the  pit,  and  strong  iron  rods  l^  in.  to  2  in.  diameter  and  1 J  to  3  ft. 
long,  on  which  the  crib  is  laid,  are  driven  into  them.  The  walling 
is  ^en  proceeded  with  in  the  usual 
way.  When  these  rods  require  to  be 
used,  the  distance  between  the  curbs 
should  be  very  much  shorter  than  in 
hard  strata. 

When  the  strata  are  giving  off  water, 
ring  curbs  will  require  to  be  put  in, 
to  protect  the  brickwork  and  to  convey 
the  water  to  a  lodgment  in  the  shaft, 
which  is  done  by  having  a  pipe  con- 
nection between  every  two  curbs. 

The  ordinary  *  garland  '  or  *  water 
ring '  is  an  iron  curb,  cast  with  a  gi'oove,  and  is  often  a  walling  and 
water  curb  combined ;  or  it  may  be  made  of  wood  and  an  annular 
space  left  in  it.  Above  each  curb  the  brickwork  is  *  shorn '  back  to 
allow  the  water  free  access  to  the  ring  (see  fig.  34). 
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Fig.  34.— Water  ring. 
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The  general  arrangement  of  the  walling,  guides,  etc.,  of  a  circular 
shaft  12  ft.  diameter  are  shown  in  figs.  35  and  36,  the  shaft  being 
fitted  with  wood  guides.  • 

Tubbing, — When  large  quaptities  of  water  are  met  with  in  the 
strata  to  be  sunk  through,  cast  iron  tubbing  is  used  to  keep  back 
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Fic;s.  35  and  36. — Plan  and  sectional  elevation  of  circular  shaft. 

the  outflow,  to  save  pumping  and  keep  the  shaft  dry.  The  tubbing 
(fig.  37)  is  made  in  segments  suitable  to  the  radius  of  the  pit,  the 
depth  and  thickness  of  each  segment  varying  according  to  the  pres- 
sure to  which  it  is  to  be  subjected.  The  rings  or  segments  are  built 
up  from  a  *  wedging  curb,'  carefully  laid  on  a  smooth  bed  cut  round 
the  pit.  The  wedging  curb  is  a  box-shaped  ring  of  cast  iron  1  in. 
to    IJ   in.  thick,  6  in.  to  8  in.  deep,  and  12  in.  to  14  in.  wide, 
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and  made  in  convenient  sections.  At  the  position  where  a  wedging 
curb  is  to  be  placed,  the  shaft  is  *  shorn '  back  to  admit  of  it,  and  a 
small  annular  space  is  left  all  round.  When  the  curb  has  been  laid 
in  position  and  securely  wedged,  the  tubbing  is  built  up  from  it,  the 
joints  between  every  two  rings  of  tubbing  being  filled  with  soft  fir 
sheathing  so  as  to  secure  a  water-tight  joint.     The  spaces  left  be- 
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Fio.  37. — Segment  of  tubbing. 

tween  the  tubbing  and  the  strata  are  usually  filled  with  gocd  con- 
crete or  cement.  The  segments  of  tubbing  are  generally  cast  smooth 
on  one  side,  and  a  small  hole  left  in  the  centre  to  relieve  the  pressure 
of  water  behind,  while  it  is  being  built  up,  these  holes  being  after- 
wards carefully  plugged  up.  The  thickness  of  tubbing  required  will 
vary  according  to  depth  and  pressure  to  be  resisted.  The  thickness 
may  be  found  from  the  following  rule  : — 

t^-S-—^  where  ^  =  thickness  of  tubbing  in  inches. 

R=radiu8  of  pit  in  inches. 

>>  =  pressure  per  sq.  in.  in  lbs.  =head  in  ft.  x  '434. 
M  =  factor  of  safety  (6  to  10). 
/=resistance  of  tubbing  to  crushing. 

(for  cast  iron /=  100,000  lbs.  per  sq.  in.). 

Example. — What  thickness  of  tubbing  would  be  required  for  a 
shaft  15  ft.  diameter,  and  a  head  of  water  of  50  fms. 

^    90  X  50  X  6  X  '434  x  10     ^_.  ,  .     ,.     „      . 

r  = ;[0Q  000 =  1'17  ins.  +  ^  m.  (to  allow  for  wear). 

N,B, — This  would  be  the  thickness  required  at  bottom  of  tubbing. 
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The  formula  given  by  Green  well*  will  also  supply  the  same 
information. 


50,000 


■  depth  in 


Where  x  =  thickness  of  tubbing  in  decimals  of  a  foot ;  P  = 

feet ;  D  =  diameter  of  pit  in  feet ;    03  =  a  constant. 

Corrosion  of  Tubbing. — Certain  substances  held   in  solution   by 

water  are  very  injurious  to  iron  surfaces,  and  to  prevent  corrosion, 

the  tubbing  often  receives  a  coating  of  tar  or  of  some  hard  varnish.     In 

up-cast  shafts  where  furnaces  are  used  for  ventilation,  the  fumes  and 
gases  given  off  by  the  fxmiace  are  also  very 
injurious,  and  the  only  remedy  is  to  line  the 
tubbing  with  good  fire-brick  to  protect  it. 

Goffering. — Another  method  of  shutting  off 
water  from  the  shaft  is  to  use  coffering,  which  is 
simply  a  brick  wall  with  a  space  in  the  centre, 
this  space  being  filled  in  with  good  cement,  which 
makes  a  water-tight  walling. 

A  third  method  of  coffering  differs  somewhat 
from  that  usually  employed,  t  The  walling  in 
this  case  (fig.  38)  is  of  4^-in.  brickwork,  about 
3  ft.  at  a  time  being  built,  while  in  front  were 
placed  sheet-iron  plates  a  a  14  to  16  wire  gauge. 
In  front  of  this,  brickwork  20  in.  thick  was  buOt 
up,  leaving  a  space  of  1|^  in.  between  the  inner 
and  outer  walls,  to  be  filled  in  with  cement,  in 
which  the  iron  plates  were  also  embedded.  As 
the  pressure  of  the  water  became  less,  the  thick- 
ness of  the  walling  was  graduaUy  reduced  from 
20  in.  to  15  in.,  and  finaUy  to  10  in.  ;  the  space 
for  cement  being  kept  in  continuous  lengths.  The 
best  results  are  obtained  when  the  water  in  the 
pit  is  allowed  to  follow  the  work,  so  that  the 
cement  sets  under  water,  but  this  is  not  always 
practicable.  The  brickwork  in  the  walling  shoiild 
also  be  set  in  cement.  At  the  bottom  of  the 
water-bearing  strata,  a  short  length  of  solid  walling 
should  be  put  in  wherever  possible,  and  the  water 
conveyed  through  it  by  pipes.  It  is  generally 
found  that  when  water  is  met  with  a  considerable 

quantity  percolates  through  the  brickwork  for  a  few  days,  but  as 

a  rule  it  ultimately  becomes  quite  dry. 

The   cost  of  coffering   of  this  description   was,  in  a   particular 

instance,  £6,  Cs.  8d.  per  vertical  foot,  over  a  distance  of  240  feet, 

*  Mine  Engineering^  by  C.  Grecnwell. 

t  Trans,  Fed.  Inst.  Min.  Eng.^  vol.  viii.  pp.  18-19, 


Fig.  38.— Coffering. 


8INKIKO.  41 

which  included  the  cost  of  labour  and  material,  and  the  extra  cost  of 
enlarging  the  shaft  sufficiently  to  admit  of  the  extra  thickness  of 
walling.  The  cost  for  tubbing  of  the  same  length  was  estimated  at 
£12  per  foot  for  a  shaft  18  ft.  diameter.  But  £12  per  foot  is  a  very 
low  estimate  compared  with  some  instances  where  this  method  has 
been  adopted ;  as  for  instance  at  Shireoaks  Colliery,  where  a  total 
depth  of  170  yards  of  tubbing  in  a  shaft  12  ft.  diameter  cost  no  less 
than  £60,  2s.  per  yard. 

Cost  of  Sinking, — This  will  depend  on  the  nature  of  the  strata 
to  be  sunk  through,  the  quantity  of  water  to  be  dealt  with  during 
sinking,  the  size  of  the  shaft,  and  the  price  of  labour.  In  the  particular 
districts  labour  will  probably  cost  from  6s.  to  15s.  per  cubic  yard 
excavated.  The  cost  of  sinking  and  lining  the  two  shafts  at  Harris's  * 
Navigation  Colliery,  each  17  ft.  diameter,  was  as  follows : — 

Average  cost  per  yard  for  sinking  50  yards  in  shale  near  pit  bottom. 

Without  Pumps.  AVith  Pumps. 

Labour,        .         .        .£9     8    2  per  yd.  £10    2    4  per  yd. 

Material  (Stores,  etc.), .      2  11     4      „  3    0    4,, 


Total,         .  £11  19     6     „  £13     2     8       „ 

In  hard  rock  the  cost  was  £44,  13s.  2d  per  yard,  using  pumps, 
and  the  cost  for  walling  in  the  same  shafts,  for  18  in.  brickwork  and 
two  curbs  per  yard  was  £11,  7s.  lOd.,  or  an  average  of  £1,  3s.  lOd. 
per  cubic  yard  of  brickwork,  which  seems  rather  high.  To  the  above 
cost  would  require  to  be  added  the  cost  of  guides  and  fixing,  which 
would  be  about  25s.  per  yard,  if  iron  or  steel  guides  are  used ;  if  wire 
rope  guides,  the  cost  would  be  10s.  to  12s.  6d.  per  yard. 

7'he  rate  of  sinking  varies  very  much  according  to  the  strata  and 
the  difficulties  met  with,  ranging,  for  a  shaft  15  ft.  or  16  ft.  diameter, 
from  2  J  yards  to  3  yards  in  very  hard  strata  to  8  or  10  yards  in 
ordinary  strata  per  week. 

SinMng  Eectangular  Shafts. — The  procedure  is  much  the  same  in 
sinking  rectangular  shafts  as  in  the  sinking  of  circular  ones.  The 
shaft  having  been  properly  pegged  off,  the  surface  soil  is  excavated, 
as  already  described,  and  the  sides  supported  with  temporary  wood, 
until  a  convenient  depth  or  the  rock-head  is  reached,  when  the  first 
portion  of  *  barring '  is  usually  put  in,  great  care  being  taken  to 
square  the  bed  for  it,  and  to  set  it  level.  The  first  instalment 
having  been  properly  adjusted,  others  are  built  up  above  it,  to  3  ft. 
or  thereabouts  above  the  surface,  to  afford  sufficient  height  for 
emptying  the  material  excavated,  and  also  to  prevent  water  flowing 
into  the  shaft,  the  back  of  the  barring  being  well  puddled  with  good 
blue  clay  for  this  purpose. 

The  sets  of  barring  are  fitted  into  the  shaft,  either  cut  square, 
with  an  ordinary  *  butt '  joint,  and  comer  rackings  (fig.  39)  put  in  to 

*  Inst,  Civil  Engineers,  vol,  Ixiv.  p.  23, 
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bind  them  together ;  or  they  may  bo  notched  mto  each  other  (fig. 
40),  which  makes  a  neater  and  stronger  job.  Comer  rackings  are 
also  used  square  as  at  fig.  40,  and  angle-bars  are  also  employed  for 
this  purpose  (see  fig.  41).  They  are  neat  and  strong;  and  they 
have  the  further  merit  of  lasting  very  much  longer  than  wood.     The 


Racking 


Figs.  39,  40,  and  41.— Fixing  timbering. 

tjarring  when  put  in  position  should  be  well  and  tightly  wedged  at 
the  comers,  and  also  opposite  each  bun  ton ;  the  spaces  behind  the 
barring  should  be  well  packed  with  some  light  material,  branches  of 
fir  trees  for  preference,  to  ensure  efficient  drainage.  Figs.  42  and  43 
show  the  plan  and  elevation  of  a  rectangular  shaft,  and  illustrate 
how  the  lining,  bimtons,  etc.,  are  fixed.  The  sizes  of  wood  used  for 
barring  (lining)  vary  very  much  according  to  the  nature  of  the 
strata  passed  through ;  but  in  ordinary  strata  not  giving  ofi^  much 
water,  barring  of  white  or  red  pine,  9  in.  x  4  in.,  is  used  at  the 
surface,  and  9  in.  x  3  in.  in  the  rest  of  the  shaft.  Where  the 
pressure  is  great  and  the  shaft  large,  or  where  loose  material  has  to 
be  passed  through,  the  barring  may  be  9  in.  x  5  in.  or  12  in.  x  6  in. 
The  comer  rackings  are  usually  2^  in.  x  IJ  in.  or  2  in.  square;  if 
angle  iron  is  used  it  may  be  5  in.  x  5  in.  x  |  in.,  or  5  in.  x  4  in.  x  J  in. 

When  the  barring  is  fitted  in  it  is  further  strengthened  by  wall- 
plates  and  buntons,  the  former  being  put  opposite  each  bunton,  and 
the  latter  themselves  being  put  in  at  right  angles  to  the  barring,  the 
perpendicular  distance  between  them  varying  from  3  ft.  to  6  ft., 
according  to  the  strata  passed  through,  bmt  averaging  4  ft.  The 
buntons  may  be  of  either  white  or  red  pine,  the  sizes  used  are 
4  in.  X  4  in.,  or  5  in.  x  5  in.,  or  for  small  shafts  8  in.  x  3  in. 

It  is  now  the  general  practice,  especially  in  large  shafts,  to  put 
*filling-in  pieces'  or  *  punch  props'  between  the  buntons  at  each 
end,  and  also  at  the  centre  of  each  of  the  latter,  these  *  punch  props ' 
giving  greater  strength  and  stability. 

Rectangular  shafts  are  now  generally  lined  from  top  to  bottom. 
This  gives  additional  security  to  the  shaft,  and  facilitates  the  fixing 
of  the  buntons  and  guides. 

Wood-lining  in  down-cast  shafts  lasts,  on  an  average,  about  fifteen 
years,  but  in  up-cast  shafts  the  average  is  much  shorter. 

After  the  surface  soil  has  been  simk  through  it  is  usual  to  erect  a 
windlass  or  steam  crane,  but  a  windlass  is  only  suitable  for  small 
shafts,  and  can  only  be  economically  used  for  depths  of  15  or  20  yards, 
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beyond  which  it  is  better  either  to  employ  a  small  temporary  sinking 
engine,  or  to  erect  the  permanent  winding  engines  at  once.  For 
large  shafts  steam  cranes  are  much  used  for  the  earlier  sinking,  as 
they  give  more  power  than  a  windlass,  besides  being  speedier  and 
safer  to  work  with,  while  the  bucket  can  be  swung  clear  of  the  shaft, 
and  landed  at  any  desired  point  for  tipping. 
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PiGS.  42  and  43. — Plan  and  elevation  of  rectangular  shafU 

If  a  temporary  engine  is  used  for  sinking  it  should  be  placed  in 
such  a  position  as  not  to  interfere  with  the  erection  of  the  permanent 
winding  engine,  otherwise  much  delay  may  be  caused.  The  temporary 
engine  is  often  erected  as  close  to  the  shaft  as  possible,  so  that  the 
permanent  engines  may  be  laid  down  behind  it,  and  the  erection  of 
screens,  etc.,  may  be  proceeded  with  while  sinking  is  going  on 
(fig.  44  shows  an  arrangement  of  sinking  and  winding  engines). 
This  saves  time  and  enables  coal  to  be  dealt  with  immediately  the 
shafts  are  sunk.  The  sinking  engine  is  sometimes  placed  in  such  a 
position  that  it  can  be  afterwards  used  for  haulage  purposes  under- 
ground. 

When  sinking,  the  shaft  is  usually  covered  over,  only  sufficient 
space  being  left  for  the  bucket  to  pass  through.  When  the  kibble  is 
tipped  at  the  top  of  the  shaft  without  the  aid  of  scaffolding,  a  strong 
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beam  is  laid  across  the  pit  (fig.  45),  to  which   *  sliding'  deals  are 
fixed,  to  prevent  the  bucket  from  catching  the  mouth  of  the  shaft, 


Sinking  Engine 
le'dia  42' Stroke 


trikinaBeam 
12'*  12' 


Fia.  44.— Sinking  and  winding  engines. 


Fio.  45.— Shaft. 
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Fig.  iQ, — Arrangement  for  receiving  kibble  with  bogie. 
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and  also  to  make  it  'strike'  easier  if  no  bogie  or  chain  is  used. 
Very  often  a  bogie  is  used  for  receiving  the  kibble  when  it  arrives  at 
the  surface,  made  so  that  it  entirely  covers  the  shaft  (fig.  46),  and 
prevents  anything  from  falling  on  the  men  at  work  at  the  bottom. 
Sometimes  a  chain  or  rope  fixed  to  a  beam  on  the  pithead  frame  is 
used  to  swing  the  kibble  clear  of  the  shaft.  Another  method  of 
closing  the  top  of  the  shaft  is  by  means  of  folding-doors  with  rails  on 
their  upper  sides.     The  accompanying  illustrations  (figs.  47  and  48) 


Figs.  47  and  48. — Galloway  system. 

show  the  arrangement  used  by  Prof.  Wm.  Galloway  while  sinking  the 
Llanbradach  shafts.*  The  two  folding  wooden  doors  are  held  together 
by  hinges  cl  cC^  which  are  keyed  on  to  shafts  hh\  Balance  weights, 
c  c  c'c\  are  attached  (two  to  each  door),  and  these  are  connected  by 
rods  dd\  through  cranks  on  the  two  opposite  shafts  so  that  the  doors 
open  and  shut  simultaneously  when  the  hand  lever  g  is  drawn  back- 
wards or  pushed  forward  respectively ;  e  t'  shows  the  position  of  doors 
when  open,  and  the  balance  weights  ff  will  then  be  in  the  position 

*  Ltdurcs  on  Shaft  Sinking^  p.  7. 
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shown  in  fig.  47.  If  the  doors  are  shut  when  the  winding  rope  is  in 
the  shaft,  the  two  guide  ropes  and  the  winding  rope  pass  through  three 
holes  on  the  centre  line  of  the  door.  A  beam  is  put  across  the  shaft 
directly  below  the  balance  weights,  which  are  boxed  in  to  prevent  the 
possibility  of  any  accident.  The  rods,  levers,  cranks,  and  balance 
weights  are  also  boxed  in  above,  and  only  the  lever  g  projects 
through  longitudinal  slots  in  the  cover.  In  using  this  apparatus, 
when  the  bucket  is  at  the  surface,  the  doors  are  closed,  and  a  tipping 
wagon  into  which  the  contents  of  the  bucket  are  emptied  is  run  on, 
without  taking  the  bucket  off  the  winding  rope.  The  wagon  is  then 
withdrawn,  the  doors  opened,  and  the  bucket  is  ready  to  descend. 
Whatever  method  is  adopted,  great  care  must  be  taken  to  let  no 
loose  material,  such  as  stones,  bolts,  etc.,  fall  down  the  shafts. 

Preparing  the  Wood. — All  wood,  such  as  barring,  buntons,  racking, 
etc.,  should  be  prepared  at  the  surface,  ready  to  be  sent  down  the 
pit  as  required,  as  this  saves  much  labour,  wood  being  diflficult  to  cut 
and  dress  in  a  confined  shaft.  A  hand  winch,  with  a  thin  wire  rope 
and  a  large  muzzle  attached,  should  be  kept  ready  for  lowering  the 
wood  to  the  sinkers  as  required. 

Disposition  of  Labour  and  Tools  Required, — ^The  sinking  is  gener- 
ally carried  on  continuously  during  the  twenty-four  hours,  with  the 
exception  of  Simdays,  and  the  number  of  men  employed  on  each 
shift  varies  according  to  the  size  of  the  shaft,  etc.  For  a  rectangular 
shaft  23  ft.  0  in.  X  7  ft.  0  in.,  the  number  of  men  employed  would  be 
twenty -one,  i.e.,  seven  men  on  each  shift ;  for  smaller  shafts  three  or 
four  men  on  each  shift  would  be  sufficient. 

The  tools  used  in  sinking  are  spades,  shovels,  picks,  jumpers,  2  ft, 

3  ft.,  and  4  ft.  long,  and  1  in.  to  2^  in.  across  the  mouth ;  single  and 
double-headed  hammers,  stemmers,  cleaners,  saws,  axes,  screw-keys, 
and  porting-bolts.  Two  kibbles  will  also  be  required,  each  to  hold 
10  to  20  cwts.  of  material,  and  also  a  water-barrel  to  hold  15  to  30 
cwts.  of  water. 

Cost  of  Wood  for  Shaft, — This  will  vary  greatly  in  different 
districts  and  at  different  times,  but  the  following  may  be  taken  as 
approximate.     Barring,  white  pine,  Is.  3d.  per  cubic  ft. ;  buntons, 

4  in.  X  6  in..  Is.  3d.  each,  or  Is.  5d.  per  cubic  ft.,  red  pine ;  comer 
rackings,  2d.  per  lineal  ft. ;  rackings  for  sides  of  buntons,  |d.  per 
lineal  ft. ;  punch  props,  4  in.  x  2  in.,  2d.  per  lineal  ft. ;  wall-plates. 
Is.  3d.  per  cubic  ft.  Bolts  and  wood-screws  will  cost  about  10s.  6d. 
per  cwt. 

Cost  of  Sinking. — This  will  depend  entirely  on  the  size  of  shaft 
the  strata  passed  through,  and  the  quantity  of  water  to  be  dealt  with. 
For  ordinary  strata,  in  a  rectangular  shaft  23  ft.  6  in.  x  7  ft.  0  in. 
inside  diameter,  the  quantity  of  water  not  exceeding  eight  engine  barrels 
per  hour,  the  price  would  be  £22  to  £30  per  fathom.  For  sinking 
and  fitting  in  the  wood  in  a  shaft  12  ft.  0  in.  x  5  f t.  6  in.,  the  cost 
would  be  £8  to  £10  per  fathom. 


SINKING.  47 

The  total  cost  per  fathom,  including  wood,  etc.,  might  be  distributed 
as  follows  in  the  case  of  a  shaft  23  ft.  0  in.  x  8  ft.  0  in.  In  each 
fathom  there  will  be  eight  sets  of  wood  (9  in.  x  3  in.  for  ordinary  strata), 
and  two  sets  of  buntons  3  ft.  apart,  then  the  cost  would  be : 

Side  barring  (23  ft.  x  9  in.  x  3  in.  x  6  ft. )  x  ?  =  50*75  cub.  ft.  at  Is.  3d. 

per  cub.  ft.,            .            .            .            .            .  .            .£327 

End  barring  (  8  ft.  x  9  in.  x  3  in.  x  6  ft.)  x  2  =  18*00  cub.  ft.  at  Is.  3d. 

per  cub.  ft,             .            .            .             .  .            .12    6 

Wall-plates   (6  ft.  x  9  in.  x  3  in.)  x  6  =  675   cub.    ft.   at  Is.  3id.  per 

cub.  ft.,      .            .            .            .             .            .  .            .088 

Six  buntons  at  Is.  6d.  each,      .            .            .            ,  .            .090 

CJorner  raokings  and  rackings  for  buntons,        .            .  .            .       0  10    6 

Guides,  pitch-pine,  5  in.  x  4  in.  at  6d.  per  lineal  ft.,    .  .            .       0  10    6 

Cost  of  sinking  about  £25  per  fathom, .            .            .  .            .     25    0    0 

Total  cost  per  fathom,  .  .£313    9 

The  foregoing  estimate  does  not  include  the  price  of  dross  for 
raising  steam,  and  other  sundries,  which  would  cost  15s.  to  20s.  per 
fathom  extra.  The  total  estimated  cost  for  sinking  a  shaft  14  ft. 
X  6  ft.  would  be  about  £15  per  fathom. 

During  the  sinking  the  following  important  points  ought  to  be  care- 
fully attended  to : 

(1)  The  first  lot  of  barring  should  be  laid  perfectly  level  and  set 

perfectly  square. 

(2)  The  barring  should  be  properly  and  tightly  wedged  up  at  all 

comers,  and  opposite  the  buntons. 

(3)  A  competent  man  should  be  constiintly  present,  on  behalf  of 

the  proprietors,  especially  when  timbering  is  going  on,  to 
see  that  the  work  is  carried  out  according  to  the  terms  of 
the  specification. 

(4)  The  shaft  must  be  carefully  kept  rect^mgular  and  vertical. 

Sinking  through  Rubbly  Eock. — Sometimes  a  section  of  loose  and 
broken  strata  giving  off  much  water  is  encountered  near  the  surface. 
This  will  be  difficult  to  sink  through,  as  no  proper  foundation  can 
be  got  for  the  barring  to  secure  the  shaft.  At  Lochgelly,  in  Fifeshire, 
a  shaft  had  to  be  sunk  through  a  bed  of  this  description,  30  ft.  thick 
at  the  surface,  which  gave  off  large  quantities  of  water.  The  size  of 
shaft  to  be  simk  was  24  ft.  x  8  ft.  inside  the  barring.  The  method 
of  procedure  was  as  follows :  A  heavy  frame  of  pine  logs,  shaped  to 
the  size  and  form  of  the  shaft,  was  laid  down.  The  sinking  was  then 
commenced,  and  the  first  set  of  barring,  9  in.  x  9  in.,  put  in  and 
fastened  to  the  frame  by  means  of  wrought-iron  plates  and  long  spikes. 
The  sinking  was  then  continued  and  other  sets  of  barring  fastened  to 
one  another  in  a  similar  manner  (figs.  49,  50).  To  prevent  the 
barring  from  being  displaced  by  the  heavy  pressure,  circular  fir  trees 
were  put  in  as  buntons  all  over  the  shaft,  only  sufficient  space  being 
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left  for  the  kibble  to  pass  through.  When  the  rubble  had  been  sunk 
through  for  a  distance  of  9  ft.,  hard  rock  was  encountered,  and  a 
foundation  made  for  a  cement  wall  3  ft.  thick  which  was  to  be  put 
in.  This  cement  walling  was  carried  up  to  the  surface,  and  when 
it  was  *  set '  the  temporary  barring  and  supports  were  taken  out.  To 
get  a  foundation  for  the  large,  heavy  pumping  engine,  the  cylmder 
of  which  was  80  in.  diameter  and  the  back  balance  40  tons  in  weight, 
a  huge  excavation  had  to  be  made,  to  the  bottom  of  the  broken 


Figs.  49  and  50.— Sinking  through  rubble. 

metals,  and  filled  in  with  concrete,  about  1000  tons  of  bricks  beins 
required.  A  great  quantity  of  timber  was  also  required  to  support 
the  sides  of  the  excavation.  ^^ 

Special  Methods  of  Sinking.-When  thick  beds  of  running  sand 
gravel  and  water,  or  peat  moss  or  mud  and  boulders  are  met  with 
either  at  the  surface  or  further  down,  special  methods  of  sinking  are 
required  to  overcome  the  various  difficulties  encountered,  and  these 
methods  of  sinking  may  be  divided  as  follows  :  Sinking  by  pile- 
driving;  Brick  or  iron  tubbing;  Triger^s  method;  Freezing  or 
Poetsch?  method;  and  the  Kind-Chaudron  method 
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Fig.  51.— Pile-driving. 


Pilerdriving,  or  sinking  by  piles,  is  one  of  the  commonest  and  best 
methods  of  sinking  through  a  moderately  deep  bed  of  sand  met  with 
at  the  surface. 

The  piles  used  for  this  purpose  are  usually  of  red  or  white  pine 
12  to  15  ft.  long,  9  in.  broad,  and  3  in.  thick,  sharpened  and  shod 
with  iron  at  the  bottom,  to  facilitate  driving,  while  at  the  top  a  hoop  of 
iron  is  shrunk  on  to  prevent  splitting  while  the  pile  is  being  driven 
down.  As  the  piles  of  each  set  are  driven  in  they  are  firmly  supported 
by  side  and  end  bars,  and  buntons  placed  at 
convenient  distance  apart.  When  a  pit  has 
to  be  sunk  by  this  method,  it  must  be 
commenced  very  much  larger  than  the 
finished  dimensions  required,  especially  if 
the  depth  of  sand  to  be  sunk  through  is 
considerable,  as  every  set  of  piles  put  in 
reduces  the  size  of  the  shaft  by  at  least 
18  in.  (fig.  51).  Sometimes  the  piles  are 
driven  inclined  outwards  to  keep  the  size 
of  shaft  from  being  reduced  too  much,  but 
by  this  method  it  is  more  diflficult  to  keep 
the  barring  perpendicular.  If  any  space  is 
left  between  the  piles  and  the  walling  or 
barring,  it  should  be  filled  up  with  good 
cement  or  concrete,  and  the  piles  withdrawn 
if  possible.    Sinking  by  piles  is  an  expensive 

method,  and  sometimes  not  a  very  successful  one,  if  the  sand  is  very 
quick,  or  when  the  strata  are  watery  and  mixed  with  boulders.  The 
limit  of  depth  that  can  be  sunk  through  by  pile-driving  is  about 
60  or  70  ft. 

Brick  Drums. — Sinking  through  running  sand  is  often  done  by 
what  is  known  as  the  *Drum '  method.  When  this  system  is  adopted, 
a  curb  of  wood,  14  in.  to  18  in.  broad  and  6  in.  thick  (figs.  52,  53), 
is  laid  down  on  the  site  to  be  sunk  through ;  in  a  rectangular 
shaft  a  square  frame  is  used,  firmly  morticed  and  bolted  together. 
The  curb  or  frame  is  carefully  adjusted  with  a  straight  edge  stnd 
spirit-level,  to  get  it  perfectly  horizontal.  Upon  this  curb  a>  'cier  of 
dry  brickwork  is  placed,  until  a  height  of  3  or  4  ft.  has  been  reached, 
when  another  curb  is  placed  in  position  and  secured  Ido  the  first 
by  strong  tie  bolts  of  wrought  iron ;  more  brickwork  is  then 
placed  in  position  until  the  drum  begins  to  sink  by  its  own  weight. 
Workmen  stand  in  the  centre  and  excavate  the  sand  as  it  sinks, 
taking  care  that  the  bottom  of  the  drum  is  2/or  3  ft.  in  advance  of 
the  excavation,  and  at  the  same  time  ke9^ing  it  in  a  horizontal 
position,  for  one  of  the  great  diflSculties  in  slinking  by  this  method,  is 
keeping  the  drum  truly  vertical,  so  as  td  prevent  it  from  canting. 
To  reduce  the  friction  of  the  drum  durin^g  descent,  and  also  to  keep 
the  brickwork  intact,  a  close  lining  of  pranking  is  fixed  all  round  its 
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outer  circumference,  the  joints  being  made  water-tight.  As  the 
sinking  proceeds  more  brickwork  and  curbs  are  placed  in  position, 
and  secured  by  tie-bolts  as  before,  until  the  solid  ground  is  finally 
reached,  where  a  perfectly  level  bed  must  be  made  for  the  reception 
of  the  first  permanent   walling  curb.     If  the  ground  is  not  loose 
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Fics.  52  and  53. — Brick  drum. 


Cutting  shoe. 


enough  for  tlie  drum  to  sink  easily,  a  cutting  edge  is  fixed  to  it, 
bevelled  on  the  inside  and  fitted  with  an  iron  shoe  (fig.  53).  For  the 
purpose  of  keeping  the  drum  plumb  and  sinking  evenly,  it  is  some- 
times lowered  by  strong  screws  and  nuts  attached  to  beams  at  the 
surface,  or  it  may  be  lowered  by  ropes  and  winches.  This  method 
affords  better  control  over  the  operations  (fig.  54). 


Fig.  54.— Hanging  brick-drum. 

Cad  or  WnmgM  Iron  Cylinder. — Brick  drums  are  liable  to  stick, 
and  iron  cylinders  or  \  drums  are  therefore  preferable.  These  iron 
drums  are  made  in  segments,  cast  to  the  curvature  of  the  pit 
and  strengthened  by  hdirizontal  and  vertical  ribs,  like  ordinary 
tubbing,  with  the  exceptional  that  the  ribs  are  cast  on  tlte  inside  so 
that  the  outside  of  the  metal  is  left  smooth,  and  offers  as  little  resist- 
ance as  possible,  when  sinking  through  the  sand.  The  joints  are 
carefully  rendered  water-tigUt  by  putting  sheet  lead  between  the 
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flanges  and  firmly   bolting  them  together,   a  cutting  edge  being 
attached  to  the  bottom  in  much  the  same  way  as  to  the  brick  drum. 
In  Scotland,  a  method  of  sinking  rectangular   shafts  through 
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Figs.  .55,  66,  and  67. — Iron  tanks. 

a— iron  cylinder;  6  =  outside  barring;  c  =  angle  iron  ; 
(i— screw  jacks  ;  c= inner  barring  for  shaft. 

running  sand  with  iron  tanks  is  adopted  which  is  somewhat  similar 
to  the  above  system  The  tanks  are  usually  made  of  ordinary  boiler- 
plate fastened  together  by  lap  joints  and  rivets. 

Figs.  55,  56,  57  show  the  arrangement  of  the  tank.      The  tank 
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is  made  of  segments  of  wrought-iron  boiler  plate  J  in.  or  f  in.  thick, 
and  6  ft.  deep.  The  segments  are  finnly  joined  at  the  corners  with 
overlapping  pieces  with  which  they  are  riveted  '  flush.' 

When  about  to  sink,  the  drum  is  set  in  the  position  of  the  proposed 
sliaft,  and  the  sand  or  mud  removed  from  the  inside,  until  a  sufficient 
depth  has  been  reached  to  put  in  two  or  three  sets  of  barring,  h  &,  of 
12  in.  X  6  in.  pitch  pine.  The  tank  is  then  forced  down  into  the 
sand  by  means  of  screw-jacks.  Near  to  its  foot  is  an  angle  iron  to 
which  three  sets  of  oak  barring  9  in.  x  6  in.  are  fixed,  for  the  purpose 
of  giving  a  seat  to  a  number  of  screw-jacks  which  are  used  to  lower 
the  tank  as  the  sinking  proceeds.  When  the  first  three  sets  of 
barring  at  the  top  have  been  fixed  to  strong  beams  placed  across  the 
shaft  (fig.  56)  by  means  of  hangers  and  nuts,  the  tank  is  pressed 
down  a  further  distance  of  a  foot  or  so,  and  the  sand  dug  out  until 
room  has  been  made  to  add  another  set  of  barring  below  that  already 
fixed,  to  which  the  last  set  is  hung  by  means  of  wrought-iron 
straps  and  corner  angle  irons.  This  operation  is  continued  until  the 
tank  has  been  sunk  its  full  depth  of  6  ft.,  when  the  same  procedure 
is  gone  through  as  before,  pressing  down  the  cylinders  by  means  of 
the  screw-jacks  and  adding  barring  at  the  bottom,  as  required  until 
the  bed  of  sand  has  been  simk  through. 

By  this  method  beds  of  running  sand  of  almost  any  depth  can  be 
sunk  through  with  safety  and  rapidity.  The  tank  has,  of  course,  to 
be  made  a  great  deal  larger  than  the  finished  size  of  shaft,  as  will  be 
seen  from  fig.  55.  When  the  rock  head  has  been  reached,  the 
regular  barring  is  built  up  to  form  the  shaft  inside  the  first  temporary 
barring,  and  a  space,  which  may  be  filled  in  with  cement  or  concrete, 
left  all  round.  In  sinking  either  with  this  or  any  other  sort  of  drum, 
the  greatest  difficulty  is  to  keep  it  vertical,  and  this  can  only  be  done 
by  maintaining  a  careful  watch  on  the  screws  when  lowering  the 
drum  and  removing  the  sand.  It  is  better  to  make  the  drum  a  little 
wider  at  the  bottom,  1  in.  or  2  in.,  than  at  the  top  end,  as  this  will 
assist  it  to  descend  more  easily  than  if  it  were  the  same  width 
throughout. 

Triger's  Method. — This  system  was  first  applied  by  a  French 
engineer,  M.  Triger,  about  the  year  1841,  to  sink  a  shaft  on  an 
island  in  the  Loire. 

*  The  system  essentially  consists  in  forcing  iron  tubbing  down 
.through  the  ground  by  pressure  applied  from  above,  and  in  furnish- 
ing the  tubbing  with  an  air  chamber,  which  forms  a  double  diaphragm 
interposed  between  the  outside  atmosphere  and  the  interior  of  the 
pit,  and  maintains  therein  a  pressure  equal  to  that  due  to  the  head 
of  water  at  the  lower  end  of  the  tubbing. 

Figs.  58,  59  show  the  arrangement  of  tubbing,  etc.  A  is  the 
malleable- iron  chamber,  with  two  man-holes  DB.     When  placed  in 

*   Trans,  Min.  Inst.  Scot.^  vol   vi.  p.  27. 
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position  at  the  month  of  the  pit  and  firmly  secured,  it  admits  of 
further  excavation  for  the  introduction  of  the  cutting  ring  of  the 
tubbing  C.  Compressed  air  is  forced  in  through  the  pipe  P  into  the 
lower  compartment,  and  the  air  pressure  being  greater  tlian  that  of 
the  water  contiiined  in  the  sand  or  strata,  it  holds  in  check  any  water 
tending  to  flow  in,  or  forces  it  up  through  a  flexible  tube. 
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Figs.  58  and  59.  — Trmer's  method  of  siuking. 


The  workmen  enter  the  air  chamber  by  a  door  D  at  the  top,  and  as 
soon  as  they  are  in,  the  opening  is  immediately  shut.  When  the 
pressure  of  air  in  this  chamber  becomes  equal  to  the  pressure  in  the 
lower  compartment  B,  the  second  or  lower  door  is  opened,  and  the 
workmen  proceed  into  the  interior  of  the  pit,  and  there  carry  on  thf 
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operations  of  sinking,  of  forcing  down  the  tubbing  by  means  of 
screw-jacks  and  of  adding  the  segments  as  required. 

All  the  doors  and  joints  should  be  as  nearly  air-tight  as  possible, 
and  the  doors  leading  to  the  compartments  are  never  both  opened  at 
the  same  time.  The  maximum  depth  that  can  be  sunk  by  this 
method  is  about  100  ft.,  the  air  pressure  at  that  depth  being  equal 
to  three  atmospheres  or  45  lbs.  per  square  inch.  Even  then,  it  is 
difl&cult  to  get  workmen  to  stand  it  without  injury  to  health.  *At 
Piiits  Marie,  near  Aix-la-Chapelle,  however,  a  shaft  was  sunk  to  a 
depth  of  111  ft.  in  water  strata  by  this  system. 

In  this  instance,  it  was  anticipated  that  the  capillarity  existing 
between  the  particles  of  running  sand  would  have  the  effect  of 
lightening  the  pressure  due  to  this  head  of  water,  and  facts  justified 
the  assumption.  A  good  many  shafts  have  been  sunk  by  this  system, 
as  also  foundations  for  piers  of  bridges,  etc. 

Like  the  Kind-Chaudron  method  of  sinking,  it  is  very  expensive, 
and  may  cost  anything  between  £80  and  «£800  per  foot  sunk. 

Kind-Chaudron  Method.— In  some  districts  in  England,  the  coal- 
measures  are  overlaid  by  strata  containing  very  large  quantities  of 
water,  which  would  entail  great  expense  in  pumping  during  the  sink- 
ing. In  some  parts  of  the  French  coal-fields,  the  coal-bearing 
measures  are  overlaid  with  chalk,  which  likewise  contains  large 
volumes  of  water,  the  coal  strata  below  being  comparatively  dry. 
To  sink  shafts  is,  in  either  of  these  cases,  very  expensive,  and  heavy 
pumping  machinery  would  be  required  while  sinking  through  the 
water-bearing  strata  in  the  ordinary  method,  while  after  the  coal- 
beds  were  reached  and  tubbing  put  into  the  shaft,  no  pumping 
apparatus  would  perhaps  be  required,  and  much  valuable  machinery 
would  be  left  on  hand  that  would  be  of  little  use,  and  could  only  be 
sold  at  considerable  loss  It  was  to  successfully  meet  and  overcome 
such  difficulties  that  the  Kind-Chaudron  system  of  sinking  was 
introduced  and  adopted. 

Briefly  this  method  consists  of  boring  out  the  shaft,  and  then 
lowering  into  it  a  water-tight  lining  of  cast-iron  tubbing. 

t  This  system  of  sinking  may  be  divided  into  the  following  stages : — 

(1)  Alternately  boring  a  small  pit  in  advance  and  then  enlarging 

it  by  a  larger  tool  to  the  full  size  of  the  shaft. 

(2)  Preparing  a  seat  for  the  *  moss-box.' 

(3)  Lowering  the  water-tight  lining  or  tubbing  with  the  moss-box 

at  the  bottom. 

(4)  Putting  in  the  outside  lining  of  concrete. 

(5)  Pumping  out  the  water. 

In  the  preliminary  operations,  a  small  pit  4  ft.  or  5  ft.  in  diameter  is 
bored  out  by  a  tool  known  as  the  small  trepan,  and  weighing  about  8 

*  Trails.  Min.  hisL  Scot.^  vol.  vi.  p.  28. 

t  Ore  and  Stone  Mining,  C.  Le  Neve  Foster,  p.  271. 
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tons.  It  is  supplied  with  14  cutting  teeth  or  chisels  of  chilled  steel, 
securely  fastened  into  the  jaw  of  the  trepan  (figs.  60,  61,  62 
show  details  of  small  trepan).  The  trepan  is  suspended  by  pitch-pine 
rods  7  in.  to  8  in.  square,  and  in  long  lengths  of  50  or  60  ft.  The 
rods  or  speara  are  actuated  by  a  steam-engine  with  a  vertical  cylinder 
of  30  to  40  inches  diameter  and  a  stroke  of  about  4  ft.  (fig.  63).  A 
large  strong  beam  with  the  fulcrum  nearer  the  pit  than  to  the  engine, 
is  attached  at  one  end  to  the  piston  in  the  cylinder,  and  at  the  other 
to  the  rods  to  which  the  trepan  is  fixed.  The  steam-engine  actuates 
the  trepan  throivTh  this  beam  in  much  the  same  way  that  bore  rods 
are  worked  by  a  brake-staff,  raising  it  6  or  8  inches  at  every  stroke 
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FioF.  60,  61,  and  62.— Small  tiepau. 


and  then  allowing  it  to  fall  sharply  by  its  own  weight,  the  rods  being 
turned  in  the  usual  way  after  each  stroke  by  means  of  a  cross- 
piece  or  *  tiller.'  The  debris  in  the  small  pit  is  removed  by  a 
sludger,  which  can  be  either  attached  to  the  rods  or  let  down  by  a 
wire  rope  wound  on  a  drum  worked  by  a  small  horizontal  engine 
for  the  purpose,  as  shown  in  fig.  63. 

When  the  pit  has  been  bored  out  for  a  depth  of  20  or  30  yards, 
the  small  trepan  is  withdrawn  and  the  larger  tool  is  set  to  work. 

This  large  trepan  weighs  about  16  tons,  and  is  fitted  with  a  strong 
iron  bow  in  the  centre  which  is  a  little  smaller  than  the  diameter  of 
the  small  pit,  into  which  it  fits,  acting  like  a  guide.     The  teeth,  about 
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9  in  number  on  each  side,  are  fixed  at  each  end  of  this  bow,  those 
near  the  centre  being  longer  than  those  at  the  extremities  (fig.  64), 
th«  object  being  to  make  the  upper  edges  of  the  larger  pit  slope  to- 
ward the  small  pit,  which  has  already  been  bored,  and  so  facilitate 
the  free  passage  of  debris  into  the  receiving  bucket  or  pan.  This 
bucket  or  pan  is  inserted  at  the  bottom  of  the  small  pit,  and  the 
refuse  falls  into  it,  as  it  is  cut  by  the  large  trepan. 


Fir,  63. — Arrangement  of  surface  plant  for  Kind-Chaudron  sinking. 


An  iron  bow  is  provided  on  this  bucket  which  can  be  caught  by  a 
grapnel  attached  to  the  rope,  and  thus  raised  to  the  surface.  Figs. 
64,  65,  66  show  detailed  drawings  of  the  large  trepan.  When  the 
sinking  has  reached  the  firm  rock  a  smooth  bed  is  carefully  prepared 
for  the  tubbing  and  the  moss-box  to  rest  on,  for  upon  the  tightness  of 
the  tubbing  depends  the  whole  success  of  the  process. 

This  bed  is  made  level  by  a  special  tool  somewhat  resembling  a 
large  pair  of  *  lazy-tongs.' 

When  the  shaft  has  been  sunk  to  the  required  depth,  the  most 
difficult  part  of  the  work,  viz.,  the  lowering  and  fixing  of  the  metal 
tubbing,  is  then  proceeded  with.    This  consists  of  cast-iron  rings,  a,  a, 
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{^<;.  67)  the  full  diameter  of  the  finished  pit,  each  ring  being  about 
5  ft.  deep  and  varying  in  thickness  accordhig  to  depth.  They  are 
cast  with  internal  flanges  and  the  rings  are  joined  to  one  another  by 
bolts,  b,  A,  the  joints  being  made  water-tight  by  the  insertion  between 


Figs.  64,  65,  and  66.— Large  trepan. 

them  of  thin  lead  sheeting.  At  the  bottom  of  the  tubbing  are  two 
rings  with  flanges  turned  outwards  and  so  arranged  that  they  can 
slide  over  each  other  (fig.  68). 

The  space  between  these  two  flanges  is  filled  with  moss,  which, 
when  compressed  by  the  weight  of  the  tubbing  as  it  is  lowered  into 
position,  makes  a  water-tight  joint. 

Immediately  above  the  moss-box,  c,  a  false,  curved  bottom,  d,  is  bolted 
on,  with  a  tube,  e,  in  the  centre,  which  allows  of  rods  being  worked 
through  it  and  the  pressure  of  water  to  be  lessened  as  the  tubbing 
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descends.  The  whole  column  of  iron  tubbing  is  lowered  by  strong 
iron  screws  and  rods  attached  to  heavy  beams,  placed  over  the  shaft 
at  the  surface.  When  the  column  is  lowered  the  space  left  between 
the  outside  of  the  tubbing  and  the  side  of  the  shaft  is  carefully  filled 


in  with  good  cement  or  cone: 
their  contents  can  be  discha] 
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Figs.  67  aud  68. — Kind-Ohaudron  method. 


water  is  drawn  out  of  the  shaft  by  means  of  a  water-barrel  or  pump, 
and  the  rest  of  the  sinking  is  then  proceeded  with  in  the  ordinary 
way. 

Within  the  last  few  years  several  modifications  of  this  system  of 
sinking  have  been  introduced  and  carried  out  with  success.  The 
moss-box  is  no  longer  considered  necessary  in  the  fixing  of  the  tubbing, 
reliance  for  a  water-tight  joint  being  placed  in  making  a  carefully 
prepared  bed  and  good  cementing. 

*  At  a  shaft  sunk  by  the  Lievin  Company  in  the  north  of  France, 
the  shaft  was  bored  out  in  two  operations ;  a  first  pit  6  ft.  6  in.  wide 

*  Ore  and  Stone  Mining^  p.  276. 
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being  sunk  to  a  depth  of  10  or  12  yards  beyond  the  watery  strata, 
which  was  subsequently  enlarged  by  a  second  boring  to  the  full  size. 

On  reaching  the  required  depth  the  teeth  of  the  trepan  are  set  so 
as  to  cut  a  horizontal  and  level  bed  for  the  tubbing  to  rest  on,  and 
the  use  of  moss-box,  equilibrium  tube,  and  false  bottom  can  be 
entirely  discarded.  Work  can,  by  this  method,  be  carried  on  with 
great  rapidity ;  in  one  instance  the  small  shaft  was  bored  out  to  a 
depth  of  366  ft.  in  seventy-five  days,  the  larger  one  being  bored  out 
to  327  ft.  in  four  months  twenty-one  days,  and  fixing  the  tubbing 
occupied  two  months  longer. 

Lippman's  Method. — This  system  of  sinking  is  practically  the 
same  as  the  Kind-Chaudron,  but  instead  of  the  shaft  being  bored  out 
in  two  or  three  operations,  it  is  completed  in  one,  i.e.,  the  shaft  is 
bored  out  from  the  commencement  with  a  large  trepan  specially 
made  for  the  purpose. 

^Advantages  of  these  Systems. — For  this  and  the  Kind-Chaudron 
method  of  sinking  the  advantages  are : — 

(1)  The  use  of  pumps  is  avoided,  unless  when  the  shaft  requires 

to  be  cleared  after  the  tubbing  has  been  lowered. 

(2)  The  risk  of  accidents  to  workmen,  which  are  common  in  the 

ordinary  mode  of  sinking,  are  reduced. 

(3)  The  inconvenience  of  draining  the  surrounding  springs,  which, 

in  a  populous  district  depending  on   these   for  a  water 
supply  would  be  great,  is  avoided. 

(4)  Shafts  may  be  sxmk  to  coal  seams  through  ground  which  it 

would  be  impossible  to  deal  with  by  the  ordinary  methods 
of  sinking. 

Against  these  advantages  there  must,  however,  be  set  the  fact 
that  these  methods  of  sinking  are  very  costly. 

The  cost  of  such  sinkings  may  vary  from  £50  to  £150  per  yard 
depth,  according  to  the  strata  and  the  difficulties  encountered. 

Foetsch's  Method. — In  this  system  of  sinking,  watery  strata  is 
artificially  solidified  by  freezing.  A  series  of  boreholes  are  first  put 
down  in  the  area  where  the  shaft  is  to  be  sunk,  and  these  are  then 
lined  with  tubbing  through  which  a  freezing  solution  of  chloride  of 
calcium  is  made  to  circulate  by  means  of  pimips.  The  freezing 
mixture,  which  is  at  a  temperature  of  40"  Cent,  below  freezing-point, 
absorbs  heat  from  the  surrounding  watery  strata,  which  freeze 
into  a  solid  mass,  when  the  excavation  of  the  shaft  can  be  carried  on 
in  the  ordinary  way.  Fig.  69  gives  a  sketch  of  the  freezing  pipes 
which  are  inserted  into  the  boreholes.  They  consist  of  an  outer  and 
inner  tube,  the  freezing  liquid  being  forced  down  the  small  inner  tube 
circulating  round  the  outer  one,  and  escaping  at  the  top,  where  it  is 
led  back  to  the  refrigerating  machine  and  used  over  again, 

♦  Trans.  M,  /•  ScoU,  vol.  vi.  p.  28. 
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The  large  tubes,  which  are  6  m.  to  8  in.  diameter,  are  plugged 
up  at  the  bottom  with  lead,  cement,  or  any  other  substance  that 
will  render  them  water-tight ;  great  care  being  taken  to  make  this 
stopping  secure,  as  the  success  of  the  operation  practically  depends 
on  this  precaution. 


Fig.  69. — Freezing  pipe. 

The  number  of  tubes  required  will  depend  on  the  strata  and  the 
difl&culty  or  otherwise  of  solidification.  At  a  pit  sunk  at  Lens  in  the 
north  of  France  by  this  method,  the  area  frozen  was  about  40  ft. 
diameter  and  137|  ft.  deep,  the  number  of  tubes  used  was  28,  and 
the  freezing  of  the  strata  took  about  120  days.  Figs.  70,  71  show 
the  general  arrangement  of  the  tubes  in  the  shaft. 


Fi  s.  70  and  71. 

In  this  system  there  is  considerable  risk  of  failure;  for  should 
there  be  any  leakage  or  improper  plugging  of  the  tubes,  the  freezing 
mixture,  which  is  itself  uncongealable,  may  escape,  and  by  permeating 
the  strata  render  attempts  to  freeze  the  water  futile. 
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Gobert's  Freezing  Method.-— In  the  Poetsch  freezing  system,  when 
any  great  depth  is  reached,  the  pressure  of  the  liquid  within  the 
tubes  becomes  very  high,  and  frequently  brings  about  leakage  of  the 
liquid  into  the  surrounding  strata,  which  renders  it  impossible  to 
freeze  them  effectually.  In  order  to  obviate  this  difficulty  Gobert 
uses  a  cold  transmitter,  the  pressure  of  which  is  lower  than  that  of 
the  water  outside  the  tubes,  while  anhydrous  ammonia  vapour  is 
used  instead  of  the  freezing  liquid  in  Poetsch's  system.  With 
ammonia  vapour  very  low  pressures  can  be  maintained,  even  at  great 
depths,  and  if  the  tubes  are  not  water-tight,  instead  of  the  ammonia 
leaking  out,  the  water  from  the 

surrounding  strata  would  force  ^i.:qu€*  inUf 

its  way  in,  and  a  coating  of  ice 
would  be  formed  on  the  inside 
of  the  tubes,  which  would  check 
the  further  inflow  of  water. 

In  order  to  vaporize  the  liquid 
ammonia  in  the  tubes,  these  have 
to  be  connected  with  a  suction 
and  force  pump.  This  piunp 
sucks  in  the  gas  and  compresses 
it  into  a  liquid,  with  the  help 
of  a  condenser,  and  then  forces 
it  into  the  freezing  tubes.  In 
order  to  avoid  the  fall  of  the 
liquid  to  the  bottom  of  the 
freezing  tube,  and  to  vaporize 
as  much  of  it  as  possible  in  a 
given  unit  of  time,  the  injector 
is  made  of  a  form  spiral  in  one 
plane  (see  figs.  72,  73).  The 
liquid,  the  entrance  of  which 
into  the  injector  is  carefully 
regulated,  falls  slowly  in  a  thin 
stream  within  this  spiral  tube, 
and  meets  on  its  way  a  series 

of  small  orifices  placed  at  various  intervals  in  the  tube. 
orifices  the  liquid   escapes  into   the  freezing   tube,  and 


Figs.  72  and  73. — Gobert's  freczins'  tuhe. 


By  these 
vaporizes. 
In  the  Poetsch  system  the  watery  strata  must  be  all  frozen  from  the 
bottom  upwards  before  the  sinking  can  be  proceeded  with,  but  by 
Gobert's  method  the  strata  are  frozen  from  the  top  downwards,  thus 
allowing  sinking  operations  to  be  started  much  sooner.  Simultaneously 
with  the  sinking  operations,  fresh  strata  can  be  successively  frozen, 
and  so  allow  of  continuous  sinking.  Freezing  of  the  strata  can  be 
carried  to  great  depths  by  this  system ;  Gobert*  states  that  strata 
at  a  depth  of  3000  ft.  from  the  surface  can  be  dealt  with.     For  a 

*  Trans,  Imt,  M.  E.,  vol.  xi.  p.  305. 
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recent  sinking  in  a  large  slmft  the  cost  of  this  method  was  stated  to 
be  £40  per  foot. 

The  advantages  claimed  for  the  Gobert  system,  compared  with  the 
Poetsch  method,  are  : — 

(1)  The  nncongealable  liquid  is  dispensed  with,  and  the  apparatus  for  cooling 

the  latter  is  thereby  done  away  with. 

(2)  High  pressures  within  the  freezing  tubes  are  avoided. 

(3)  The  possibility  of  directing  the  entire  refrigerating  power  of  the  appliances 

first  of  all  in  freezing  the  upper  portion  of  the  strata  through  which  it 
is  desired  to  sink. 

(4)  The  possibility  of  starting  sinking  operations  much  earlier. 

(.5)  The  ability  to  freeze  the  bottom  of  the  shaft  without  freezing  the  surface. 

Accessories  to  Shaft  Sinking. —The  operation  of  raising  the 
excavated  material  during  sinking  is  usually  done  by  kibbles  or 
buckets,  which  may  be  made  either  of  iron 
or  wood.  The  best  form  of  sinking  kibble 
is  that  in  which  the  arms  are  fixed  on 
trunnions  with  a  catch  at  the  top.  Fig. 
74  illustrates  this  kind  of  kibble.  The 
great  advantage  of  using  one  of  this  sort  is 
that  it  can  be  completely  and  easily  emptied 
without  requiring  to  be  detached  from  the 


Fig.  74. — Iron  kibble. 


Fig.  75. — Wooden  kibble. 


winding  rope,  or  even  lowered  on  to  a  scaffold,  for  if  it  be  swung 
clear  of  the  shaft  it  can  readily  be  emptied  at  any  desired  point  by 
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knocking  up  the  catch  a,  which  releases  the  arms  and  allows  the 
body  of  the  bucket  to  revolve  on  the  trunnions  1/ h.  Sometimes 
kibbles  constructed  of  wood  and  bound  with  iron  are  used  instead  of 
iron  ones,  but  they  are  not  so  handy  nor  yet  so  dui-a])le  as  those 
made  of  iron.  Fig.  75  shows  a  wood  kibble  wliich  is  well  adapted 
for  raising  water  and  ordinary  material. 

Before  the  kibble  is  raised  from  the  bottom  of  the  pit,  the  sinker 
in  charge  ought  to  examhie  it  to  see  that  the  fastenings  are  secure, 
and  that  no  stones  are  likely  to  fall  off,  or  that  none  which  during 
its  ascent  are  sticking  to  the  outside  of  the  kibble  might  be  knocked 
off,  and  possibly  injure  those  who  are  working  in  the  shaft.  The 
same  precautions  should  be  adopted  at  the  surface  when  the  kibble  is 
being  lowered  into  the  pit. 


€ 
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Plan. 


Figs.  76,  77,  and  78. — Iron  rider. 

Safety  Riders. — In  the  majority  of  shafts  in  process  of  sinking,  the 
kibble  is,  raised  without  being  guided  in  any  w^ay ;  the  common 
method  being  for  the  engineman  to  raise  it  a  few  feet  from  the  pit- 
bottom  when  it  is  filled,  and  it  is  steadied  for  a  few  moments  by  one 
of  the  sinkers,  and  then  drawn  right  away  to  tlie  surface.  This 
method  acts  very  w^ell  if  there  is  plenty  of  space  in  the  shaft,  and 
the  depth  not  great;  but  when  the  depth  becomes  considerable,  and 
cross-buntons  require  to  be  fixed,  particularly  in  rectangular  shafts, 
there  is  danger  of  the  kibble  catching  these,  and  doing  much  damage  to 
the  sides  of  the  shaft,  and  causing  injury  to  the  men  at  the  pit-bottom. 
To  obviate  risks,  guides  are  sometimes  carried  down  as  the  sinking 
proceeds,  and  a  rider  employed  to  run  between  the  conductors  and 
guide  the  kibble,  and  also  to  keep  it  from  swinging. 

Fig.  76  shows  the  construction  of  a  rider,  made  wholly  of  iron, 
to  suit   wire  rope  guides.     Such  a   rider  runs   upon   four   bushes 
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connected  to  the  arms,  the  winding  rope  passing  through  an  opening 
in  the  centre  suflBciently  large  for  the  rope  to  pass  through  freely, 
but  too  small  to  permit  the  capping  to  do  so.  At  a  short  distance 
from  the  pit-bottom  conductors  are  fastened,  or  a  projection  is  fixed 
to  them,  so  that  they  may  grip  the  rider  when  it  reaches  that  point. 
The  rope  continues  to  descend  through  the  central  opening  until  the 
kibble  reaches  the  pit-bottom,  while  the  rider  is  securely  held  above. 
On  the  tip  ward  journey  the  rope  runs  through  until  the  capping 
strikes  the  rider,  which  is  then  carried  up  to  the  surface,  guiding 
the  kibble  during  its  ascent. 

Figs.  77,  78  show  the  details  of  the  bush  and  gland  which  run  on 
the  rope  at  a  a  and  h  h. 

When  wood  conductors  are  used  a  differently  constructed  rider 
is  required.     A   foi*m   of  conductor  which   is  simple   and  efl&cient 
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Figs.  79  and  80.  — Rider  for  wood  conductors. 

under  these  circumstances  consists  of  four  pieces  of  wood,  e  e  (figs. 
79,  80),  connected  by  two  upright  pieces,  //,  firmly  bolted  together. 
The  space  between  these  is  filled  by  pieces  of  wood,  g  g,  and  only 
an  opening  about  4  in.  square  is  left  in  the  centre  for  the  winding 
rope  to  pass  through.  Near  the  bottom  of  the  guides  two  cleats  are 
fixed,  h  h,  for  the  rider  to  rest  on,  while  the  kibble  proceeds  to  the 
pit-bottom.  On  the  capping  of  the  rope  one  or  two  pairs  of  glands, 
i,  are  fixed,  for  the  purpose  of  catching  the  rider  and  carrying  it  to 
the  surface  during  the  ascent  of  the  kibble.  The  advantages  of 
using  a  rider  during  sinking  are,  that  the  winding  of  the  kibble 
can  be  carried  on  at  a  much  greater  speed  than  if  no  rider  be  used ; 
while,  as  before  stated,  it  is  prevented  from  swinging  about  and  so 
endangering  the  men  w^orking  below. 

The  guides,  if  composed  of  wire  ropes,  should  be  frequently  ex- 
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amined  and  kept  well  lubricated,  particularly  during  frosty  weather. 
Great  care  ought  to  be  taken  to  keep  ice  from  forming  on  the  guides, 
as  such  obstructions  prevent  the  rider  from  running  freely,  and  it 
may  then  stick  in  the  shaft  and  perhaps  fall  away  and  do  much 
injury.  Fatal  accidents  have  occurred  through  the  rider  sticking  and 
then  dropping  away  suddenly. 

Ventilating  Shafts  during  Sinking. — While  sinking  is  going  on 
some  means  must  be  provided  to  ensure  a  sufficient  supply  of  fresh 
air  at  the  bottom  of  the  pit,  and  to  clear  away  the  smoke  due  to 
blasting,  so  as  to  enable  the  men  to  work. 

There  are  various  methods  by  which  this  may  be  accomplished, 
such  as  : 

(1)  By  dividing  the  shaft  by  means  of  a  close  brattice  and  con- 
necting one  side  to  the  engine  chimney  or  stack. 

(2)  By  carrying  down  a  column  of  steam  pipes  and  allowing  steam  to 
escape  through  a  jet  or  nozzle  in  the  closed  compartment  of  the  shaft. 

(3)  By  ventilating  the  pit,  by  erecting  either  a  temporary  or  the 
permanent  fan  and  connecting  it  with  the  pit. 

The  first  method  is  sometimes  used,  but,  of  course,  would  not  be 
suitable  if  fire-damp  were  expected  to  be  given  off  freely.  Connecting 
the  air  drift  to  the  flue  of  the  chimney  stack  acts  in  the  same  way 
as  a  ventilating  furnace  underground  by  heating  the  air  current,  and 
thereby  causing  a  circulation  of  air  in  the  shaft. 

The  steam  jet  is  a  simple  and  handy  way  of  ventilating  shafts 
during  sinking,  and  can  be  very  easily  applied,  particularly  if  steam 
pipes  have  to  be  carried  down  to  pumps  in  the  shaft.  Often  the 
heat  given  off  by  these  pipes  is  quite  sufficient  to  ventilate  the  shaft 
without  the  aid  of  a  steam  jet. 

Probably  the  best  method  is,  however,  to  use  a  small  temporary 
fan  to  force  air  down  to  the  bottom  of  the  pit.  At  Viewpark 
Colliery,  Uddingston,  while  two  shafts  were  being  sunk,  with  a 
distance  of  about  60  ft.  separating  them,  a  small  fan  was  used,  con- 
nected to  both  shafts  by  a  wooden  drift  or  box  3  ft.  high  and  2  ft. 
broad,  and  made  of  flooring  deals  closely  jointed  together.  Each 
shaft  was  divided  by  a  close  brattice  and  a  connection  made  to  the 
fan  drift  or  air  box.  Smaller  boxes  were  carried  down  the  shaft. 
Sometimes  pipes  of  large  diameter  constructed  of  thin  sheet-iron  are 
used  instead  of  boxes.  A  force  fan  is  preferable  to  an  exhaust  fan 
for  ventilating  sinking  shafts,  as  the  bottom  of  the  pit,  after  blasting, 
will  be  more  quickly  cleared,  and  will  allow  the  men  to  return  to 
work  sooner. 

Enlarging  Shafts. — Shafts  sometimes  become  too  small  for  the 
amount  of  work  required  to  be  done  in  them,  and  require  to  be 
enlarged.  If  winding  has  to  be  completely  stopped  and  under- 
ground operations  abandoned  while  such  enlargement  is  taking  place, 
the  best  method  would  be  to  entirely  fill  up  the  shaft  with  some 
light,  loose  material,  and  start  the  enlargement  from  the  surface,  and 
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carry  on  sinking  in  the  usual  way.  If  the  regular  work  of  the 
colliery  has,  on  the  other  hand,  to  be  carried  on,  and  the  shaft 
contains  pipes,  etc.,  which  it  is  undesirable  to  interfere  with,  then 
enlarging  a  shaft  is  not  such  an  easy  matter  to  accomplish.  Each 
case  must  of  course  be  dealt  with  according  to  the  circumstances. 
The  enlargement  of  a  shaft  of  which  the  writer  has  personal  know- 
ledge was  carried  out  in  the  following  manner. 

The  colliery  consists  of  two  rectangular  shafts,  one  being  used  as 

an  up-cast  and  the  other  as 
a  down-cast.  The  lining  of 
the  former  showed  signs  of 
giving  way,  and  the  shaft 
had  also  departed  from  the 
vertical,  while  repairs  of  the 
wood  lining  had  made  it 
smaller  than  it  was  origin- 
ally. It  was  determined  to 
renew  the  whole  of  the  lining, 
render  the  shaft  vertical  and 
enlarge  it  somewhat,  while 
at  the  same  time  the  whole 
of  the  winding  was  to  be 
carried  on  at  the  down-cast. 
To  have  filled  up  the 
pit  completely  would  have 
stopped  ventilation,  and  con- 
sequently stopped  work  by 
the  colliers.  The  enlarge- 
ment was,  therefore,  carried 
out  in  stages  of  10  fms.  or 
so,  by  putting  in  a  scaffold, 
resting  on  strong  beams,  in 
the  shaft,  this  scaffold  being 
completely  closed  with  the 
exception  of  an  opening  of 
about  4  ft.  square,  to  allow  of 
a  wood  box  passing  through 
for  the  purposes  of  ventilation  (see  figs.  81,  82).  This  air-box,  con- 
structed of  planking,  9  in.  x  3  in.,  firmly  fitted  together,  was  carried 
down  past  the  scaffold  for  a  short  distance,  and  also  up  to  the  surface 
and  connected  to  the  fan.  The  shaft  was  now  filled  in  with  ashes  to 
the  surface.  The  enlarging  of  this  portion  of  the  shaft  was  then  pro- 
ceeded with  and  new  lining  put  in.  The  other  sections  of  the  shaft 
were  dealt  with  in  a  similar  manner  until  the  whole  shaft  had  been 
renewed  to  a  depth  of  nearly  200  yards.  The  work  was  carried  out 
expeditiously,  and  the  whole  of  the  output  was  dealt  with  at  the 
other  shaft.     This  method  may  be  easily  understood  from  figs.  81,  82. 


Figs.  81  and  82.— Timbering  of  shafts. 


CHAPTEE  IV. 

EXPLOSIVES. 

Definition.  —  An  explosive  is  a  substance  the  decomposition  of 
which  results  in  the  sudden  expansion  of  its  components  into  a 
volume  of  heated  gases  many  times  exceeding  its  original  bulk. 

The  strength  of  an  explosive  depends  upon  the  volume  of  gases 
liberated,  the  rate  at  which  decomposition  proceeds,  and  the  tempera- 
ture of  ignition.  The  gases  liberated  by  the  ignition  of  gunpowder,  for 
instance,  amount  to  about  2000  times  the  original  volume  of  the 
powder  used.  The  force  exerted  by  ordinary  blasting  powder  has  been 
ascertained  to  be  about  22,000  foot-pounds  per  sq.  in. 

The  actual  work  performed  by  any  explosive  used  in  blasting 
operations  is  limited  by  incomplete  combustion,  compression,  etc., 
by  waste  of  energy  in  *  cracking  *  and  in  heating  material  not  dis- 
placed, and  by  the  escape  of  gases  through  the  *shot'  hole  and 
through  fissures  in  the  rock. 

The  efficiency  of  explosives,  i.e.,  the  proportion  borne  by  the  work 
done  to  the  theoretical  energy  liberated,  has  been  estimated  to  range 
from  4  to  33  per  cent. 

Classification  of  Explosives. — Explosives  are  usually  classified  in 
two  different  ways :  (1)  according  to  method  of  firing,  (2)  according 
to  composition.  Under  the  first  head  they  may  be  subdivided  as 
follows : — 

(a)  Explosives,  the  decomposition  of  which  is  due  to  simple  combustion,  as  in 

the  case  of  ordinary  gunpowder. 
(6)  Explosives  which  decompose  by  detonation  simultaneously  throughout 

their  mass,  as  nitro-glycerine,  etc. 
(c)  Explosives  which  partly  detonate  and  finish  by  combustion,  such  as  Car- 

bonite,  etc. 

Classification  according  to  Composition  (Cundhill) : — 

(1)  Gunpowder,  ordinarily  so-called. 

(2)  Nitrate  mixtures  other  than  gunpowder. 

(3)  Chlorate  mixtures. 

(4)  Nitro-compounds  containing  nitro-glycerine.    (This  includes  the  dynamite 

series  of  explosives. ) 
(6)  Nitro-compounds  not  containing  nitro-glycerine,  such  as  guncotton,  etc. 
(6)  Miscellaneous  explosives. 
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Gunpowder  is  largely  used.  It  is  cheap,  comparatively  slow  in 
action,  and  therefore  suitable  for  coal  and  soft  rocks,  and  less 
dangerous  than  some  of  the  nitro-compounds.  On  the  other  hand  it 
is  very  dangerous  in  the  presence  of  fire-damp  and  coal-dust,  and  its 
use  is  now  prohibited  in  some  districts  by  order  of  the  Home  Secretary. 

Gunpowder,  if  exploded  in  large  quantities,  is  also  dangerous  to  life, 
owing  to  the  large  percentage  of  carbon  monoxide  it  gives  oflF,  and 
no  explosives  which  give  rise  to  this  gas  ought  to  be  used  foi 
blasting  in  mines,  because  of  the  risk  of  injury  to  health,  and  also 
because  even  small  traces  of  carbon  monoxide  have  been  proved 
to  render  mixtures  of  coal-dust  and  air  highly  explosive,  a  point  fre- 
quently overlooked  in  experiments  with  explosives.  On  firing  \\  lbs. 
of  blasting  powder,  over  3  cubic  ft.  of  combustible  gas,  consisting 
chiefly  of  carbon  monoxide,  would  be  produced,  and  this,  when  mixed 
with  pure  air,  would  give  over  10  cubic  ft.  of  an  explosive,  or,  at 
least,  a  rapidly  burning  mixture. 

The  approximate  composition  of  ordinary  gunpowder  is  :  saltpetre, 
75  per  cent. ;  carbon,  15  per  cent. ;  sulphur,  10  per  cent. 

Ordinary  blasting  powder  explodes  at  a  temperature  of  600**  F. 

When  gunpowder  is  exploded  56  per  cent,  of  solid  matter  is  formed 
and  44  per  cent,  of  gas,  or  roughly,  the  solid  matter  is  to  the  gaseous 
as  6  to  4. 

The  gas  produced  at  32**  F.  is  280  times  the  bulk  of  the  powder 

280 
employed,  therefore  the  energy  developed  is  =  --—  x  15  =  10,500  lbs. 

or  4*68  tons,  but  on  explosion  the  temperature  rises  to  4000**  F. 
(absolute  measure),  and  the  force  developed  equals  37*95  tons  per 
sq.  in. 

By  the  explosion  of  ordinary  powder  the  following  gases  are 
produced :  * — 

Volumes  per  cent. 


Carbon  monoxide, 

33-75 

Nitrogen, 

19-03 

Sulphuretted  hydrogen,  . 

7-10 

Marsh  gas, 

2-73 

Hydrogen, 

5-24 

100-00 


From  the  foregoing  it  will  be  seen  that  gunpowder  gives  off  a  large 
percentage  of  carbon  monoxide,  which,  as  already  stated,  is  very 
objectionable. 

Chlorate  Mixtures. — Explosives  containing  chlorate  of  potash  are 
regarded  as  too  dangerous  for  mining  purposes,  being  peculiarly 
sensitive  to  slight  shocks,  blows,  etc. 

*  Ore  aiid  Stone  Mining ^  Prof.  Le  Neve  Foster,  p.  210. 
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Nitro-compounds  containing  Nitro-glyceiine. — In  this  class  are 
included  all  those  '  high '  explosives  which  are  so  useful  in  mining, 
and  particularly  in  blasting  operations  in  hard  rock.  Nitro-glycerine 
is  a  light  yellow,  oily  liquid,  having  a  specific  gravity  of  1*6.  It 
freezes  at  40'  F.,  and  explodes  with  great  violence  at  360*  F.,  or 
when  subjected  to  a  sudden  shock.  It  is  less  sensitive  to  blows  and 
detonation  when  frozen  than  when  in  the  liquid  state.  Its  use  in  the 
pure  state  is  forbidden  in  Britain. 

Blasting  Gelatine, — This  is  one  of  the  most  powerful  explosives 
used  in  mining.  Its  manufacture  is  both  difficult  and  dangerous, 
but  when  once  made  it  is  one  of  the  safest  of  explosives.  It  contains 
93  per  cent,  to  95  per  cent,  of  nitroglycerine,  and  5  per  cent,  to  7 
per  cent,  of  nitro-cotton. 

It  is  less  rapid  in  detonation  than  dynamite,  and  is  quite  insoluble 
in  water,  in  which  it  may  be  kept  without  deterioration.  In  its  plastic 
state  it  is  less  sensitive  to  shocks  or  blows  than  dynamite,  but  when 
frozen  it  is  more  so.  A  rifle-bullet  fired  into  a  frozen  mass  of  it 
causes  an  explosion,  while  no  effect  is  produced  by  the  same  treat- 
ment in  an  unfrozen  condition.  Its  relative  sensibility  to  detonation 
compared  with  dynamite  has  been  accurately  ascertained,  0*8  grains 
of  *  cap  mixture '  being  required  to  explode  a  given  charge  of  No.  1 
dynamite,  while  the  best  blasting  gelatine  requires,  for  the  same 
charge,  3  grains. 

Relative  efficiency  of  different  explosives  with  same  charge  : — 


Blasting  gelatine  (93  per  cent,   nitro-glycerine  and  7  per  cent. 

nitro-cotton),     • 
Nitro-glycerine, 
No.  1  dynamite, 
No.  2  dynamite, 
Gunpowder  (extra  strong), 


1000  00 
907-14 
642-85 
378-57 
194-28 


It  will  thus  be  seen  that  blasting  gelatine  is  about  three  times 
more  efficient  than  ordinary  dynamite,  and  about  five  times  stronger 
than  gimpowder. 

Dynamite,  —  This  explosive  is  manufactured  by  impregnating 
Kieselguhr,  a  spongy,  infusorial  earth  obtained  from  Germany,  with 
nitro-glycerine. 

Its  composition  is :  Nitro-glycerine,  75  per  cent. ;  Kieselguhr,  25 
per  cent. 

When  in  a  proper  condition  dynamite  is  plastic,  may  be  safely 
handled,  and  is  very  convenient  for  use  as  an  explosive.  Irregularly 
shaped  holes  are  easily  charged  with  it,  and  it  does  not  explode  at 
ordinary  temperature  either  by  spark  or  flame,  but  requires  detona- 
tion. When  dynamite  cartridges  are  at  a  temperature  below  32**  F. 
they  will  only  detonate  with  difficulty.  When  their  temperature 
falls  below  40**  F.  they  are  not  in  a  safe  condition,  owing  to  their 
increased  sensitiveness  to  shock.  When  in  a  frozen  condition  they 
should  only  be  thawed  by  the  warming  pans  provided  by  the  makers, 
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and  not  heated  in  tin  cans  over  fires  or  carried  about  in  trouser 
pockets,  as  is  too  often  done  by  miners. 

Relative  Efficiency  of  Gunpowder  and  Dynamite. 

For  Equal  Weights.  For  Equal  Bulks. 

Gunpowder        ~1*00  Gunpowder        =1*00 

No.  1  dynamite  =  3  75  No.  1  dynamite  =  6  00 

No.  2  dynamite  =  2 -00  No.  2  dynamite  =  3  30 

The  use  of  dynamite  results  in  economy  of  labour  and  tamping, 
loose  sand  being  sufficient.  It  can  be  used  in  watery  rock  and  gives 
off  but  little  smoke. 

Carhonite, 

In  appearance  and  action  this  explosive  is  much  like  blasting 
gelatine. 


f  Nitro-glycerine, 
Nitrate  of  barium, 
Composition  \  Nitrate  of  potash, 
I  AVood-meal, 
L Carbonate  of  sodium, 


25  per  cent. 

4  „ 
30  ,, 
40       „ 

1       „ 


Gelignite, 


Nitro-glycerine,  .  .  .  96  per  cent.  \  .^       . 

Nitro-cotton,  .  .  .  6      „         |t>o  pairs. 

Nitro-potassium,  .  .  .  80      ,,          \  o- 

Wood-meal,  .  .  .  20       „          /'^^      »» 


Gelatine  Dynainite, 

( Blasting  gelatine,  .  .  .80  per  cent. 

Composition  <  Mixture    of   nitrate  of  potassium  and 

(         wood-meal,  •  .  .     20      ,, 

Kynite, 


r  Nitro-glycerine,  .  .  .     25  to  27  parts. 

I  Either  nitrate  of  barium,  nitrate  of  potas- 
o^w.«^«:4^-««  ]      slum,  or  both,  ,  .  .     30  ,,  36      ,, 

(  Sulphuretted  benzol,       ...  ^  part. 

L  Sodium  carbonate,  .  .  .  |    „ 

Kynite  can  only  be  fired  by  a  detonator  or  an  electric-detonator 
fuse. 

Under  the  Act  in  operation  since  1st  January  1899  this  is  one  of 
the  permitted  explosives. 

Ardeer  Powder,     (Permited  explosive.) 

Nitro-glycerine  (pure),  .  .  ,31  per  cent,  to  34  per  cent. 

Kieselguhr,  .  .  .  .     11         ,,  ,,  13        ,, 

Magnesium  sulphate,  .  ,  .49        ,,  ,,51        ,, 

Nitrate  of  potassium,  .  •  .      4        ,,  „    6        „ 
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Can  only  be  fired  by  a  detonator  or  an  electric-detonator  fuse. 
Must  not  be  fired  when  in  a  frozen  condition. 

Nitro-compounds  not  contaming  Nitro-glycerine.— Explosives  of 
this  class  now  in  use  are  made  from  the  nitro-compounds,  nitro- 
cellulose, nitro-benzol,  or  nitro-naphthalin. 

Nitro-cellulose  or  Guncotton. — This  explosive  is  made  of  ordinary 
cotton  or  waste,  steeped  in  a  mixture  of  sulphuric  and  nitric  acids, 
in  the  proportion  of  three  parts  nitric  and  one  part  by  weight  of 
sulphuric  acid.  It  explodes  at  low  temperatures  (200**  to  400"  F.), 
yields  no  smoke,  does  not  require  to  be  thawed,  and  moisture  and 
exposure  do  not  injure  its  qualities.  It  explodes  by  detonation,  and 
is  about  three  times  as  strong  as  gunpowder. 

Ammonite, 

n««.^«„;+:«^  f  Ammonium  nitrate,     .  ,  .     87  to  89  parts. 

^°"^P°''*'°^tl>imtro-naphthalin,     .  .  .     11  „  13      „ 

Exploded  with  a  strong  detonator ;  not  aftectod  by  either  heat  or 
cold,  but  affected  by  moisture.  Each  cartridge  is  enclosed  in  a  tin- 
foil case  hermetically  sealed.     (Permitted  explosive.) 

Eledronite  (No.  2). 

n««,v.«=:4.,-^^ /Nitrate  of  ammonium,  .  .     90  to  91  parts. 

Composition |  ^^ood-meal  or  starch,  .  .      9  „  10     ,, 

Only  to  be  used  in  the  form  of  blasting  cartridges  not  containing 
their  own  means  of  ignition ;  each  cartridge  to  be  enclosed  in  a  water- 
proof case  or  wrapper.  To  be  fired  only  by  a  detonator  or  electric 
fuse.     (Permitted  explosive.) 

Dahmenite  A, 

!  Nitrate  of  ammonium,  .  .  91  to  93  J  parts. 

Naphthalin,     .            .  .  .  4  ,,    6       ,, 

Potassium  bichromate,  .  .  1  „    2^     ,, 

To  be  encased  in  waterproof  wrapper,  and  fired  under  similar 
conditions  as  electronite.     (Permitted  explosive.) 

WestfalHe, 

r«««.«^o;f;^«  /  Nitrate  of  ammonium,  .  .     94  to  96  parts. 

^^^P^'^^'^^tGumlac  soluble  in  alcohol,       .  .       4„    6      ,, 

To  be  contained  in  cartridges  not  containing  their  o>vn  means  of 
ignition  and  to  be  enclosed  in  waterproof  wrapper.  To  be  fired  by 
detonator  or  electric-detonator  fuse.     (Permitted  explosive.) 

Rohurite  (No.  3). 

I  Nitrate  of  ammonium,  .  .     86  to  89  parts. 

Composition  <  Dinitro-benzol  (purified),  .  .       9  ,,  13      „ 

( Chloro-naphthalin       .  .  2     ,, 

To  be  used  only  in  the  form  of  blasting  cartridges  not  containing 
their  own  means  of  ignition,  and  cartridges  to  be  enclosed  in  water- 
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proof  wrapper.     To  be  fired  by  means  of  a  detonator  or  electric- 
detonator  fuse.     (Permitted  explosive.) 

It  is  three  times  as  powerful  as  an  equal  bulk  of  gimpowder. 
It  is  said  to  be  a  flameless  explosive.  A  large  number  of  tests  have 
been  made  with  it,  and  although  fire-damp  was  known  to  be  present 
in  some  cases  it  was  not  ignited^  although  it  *  flashed '  at  the  moment 
of  explosion. 

Bellite  (No.  1). 

Ai^ ^„:x,-^.  r  Nitrate  of  ammonium,  .  .     79  to  81  parts. 

^™P^'^*^°"tMeta-dinitro-benzol,    .  .  .19  „  21  *^  „ 

To  be  used  only  in  the  form  of  cartridges  not  containing  their  own 
means  of  ignition,  such  cartridges  to  be  enclosed  in  waterproof 
wrapper.  To  be  fired  by  detonator  or  electric-detonator  fuse.  (Per- 
mitted explosive.) 

Argm  Powder, 

I  Saltpetre,         .  .  .  .    79  to  82  parts. 

Composition  <  Carbon,  .  .  .     17  „  20     „ 

( Distilled  sulphur,        .  .  .      ^  ,,    1  part. 

Earthquake  Powder, 

(  Saltpetre,         .  .  .  .     78  to  81  parts. 

Composition  <  Carbon,  ,  .    19  ,,  22     ,, 

(  With  or  without  the  addition  of  J  per  cent,  pure  sulphur. 

Elephant  Brand  Gunpowder. 

(  Saltpeti-e,       .  .  .  .    74    to  76    parts. 

Composition  <  Carbon,  .  .  .  .     144  „  15J     ,, 

( Distilled  sulphur,       .  .  .       9    ,,  11       „ 

Oxalate  Blasting  Powder, 

( Nitrate  of  potassium,  .  .     69    to  73    parts. 

Composition-!  Carbon,  .  .  .  .     12    ,,  16i     ,, 

I,  Oxalate  of  ammonium,  .  13^  ,,  16|     ,, 

It  has  not  been  the  intention,  in  the  foregoing,  to  give  the  com- 
position of  all  the  explosives  in  use,  of  which  there  are  a  very  large 
number  ;  only  a  few  of  the  principal  ones  of  each  class  having  been 
described. 

Safety  or  Flameless  Explosives. — In  all  mines  which  are  fiery  or 
dusty,  and  where  it  is  absolutely  necessary  to  have  some  means  of 
preventing  flame  issuing  from  a  shot  on  explosion,  one  or  other  of  the 
numerous  safety  explosives  must  be  used. 

The  Home  Secretary  has  it  in  his  power  to  prevent  the  use  of 
such  explosives  as  he  may  deem  unsafe  for  fiery  or  dusty  mines,  and 
before  any  explosive  can  be  considered  safe  for  such  mines  they  must 
be  tested  at  a  station  provided  by  the  Government  for  this  purpose  at 
Woolwich. 


EXPLOSIVES. 


73 


The  following  list  gives  the  explosives  permitted  by  the  Act  which 
came  into  force  1st  January  1898. 


List  of  Permitted  Explodves, 


Name  of  Explosive. 


Nobel  Ardeer  Powder, 

Amvis,     . 

Natural  Geliguite,  . 
Roburite  (No.  3),  . 
Bellite,     . 

British  Geliguite, 
Carbonite, 
Carbo-gelatine, 
Electronite  (No.  2),  . 
Kynite,    . 

Kynoch  Gelignite,     . 
Nahnsen's  Gelignitp, 
Nobel  Carbonite, 
Nobel  Gelignite, 
Oxalate  Blasting  Powder, 
Rhenish  Gelignite,   . 
Son  Gelignite,  • 

Ammonite    ,    . 
Faversham  Powder,  , 

Bellite  (No.  1), 
Dahmenitc  A., 

Pembrite, 

Westfalite  (No.  1),   . 
„         (No.  2), 

Earthquake  Powder, 
Elephant  Brand  Powder, 


Fired  by  detonators  of  not  less  strength  than 
those  described  in  the  Schedule. 

'  Fired  by  means  of  a  detonator  of  not  less 
strength  than  that  known  as  No.  3  and  con- 
^     taining  8  grains  of  explosive. 

I  Fired  by  means  of  a  special  detonator  contain- 
I      ing  15  grains  of  explosive. 


Fired  by  means  of  a  detonator  of  not  less 
strength  than  that  known  as  No.  6  and  con- 
taining 15  grains  of  explosive. 


{Fired  by  means  of  a  detonator  of  not  less 
strength  than  that  known  as  No.  6}  and  con- 
taining 19  grains  of  explosive. 

r  Fired  by  means  of  a  detonator  of  not  less 
-j  strength  than  that  known  as  No.  7  and  con- 
(     taining  23  grains  of  explosive. 

(Fired  by  means  of  a  detonator  of  not  less 
strength  than  that  known  as  No.  8  and  con- 
taining 30*8  grains  explosive  gunpowders. 


;} 


(Nu.  2i 

Other  explosives  are  being  tested  daily,  and  added  from  time  to 
time  to  the  permitted  list. 

Prevention  of  Flame  Communication.— T^e  Water-cartridge, — 
In  the  presence  of  fire-damp,  what  is  known  as  the  *  water-cartridge ' 
is  often  used,  in  conjunction  with  dynamite  or  other  explosives. 
The  communication  of  the  water-cartridge  consists  of  a  cylindrical 
case  of  specially  prepared  waterproof  paper  18  in.  long  and  2  in. 
diameter.  In  the  centre  of  this  case  is  placed  the  explosive,  kept  in 
position  by  thin  metallic  webs,  the  end  of  the  cartridge  having  the 
detonator  for  electric  firing  fixed  to  it  by  wire.  The  space  between 
the  charge  and  the  paper  cylinder  is  filled  with  water,  and  the  outer 
end  firmly  tied  round  the  projecting  wires.    The  water-cartridge  is 
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most  largely  used  for  dynamite  blasting,  and  is  said  to  give  good 
results. 

Wet  Sand, — Sometimes  common  sand,  moistened  with  water,  is 
nsed ;  the  cartridge  containing  the  charge  being  placed  in  the  centre 
of  a  paper  covering  made  large  enough  to  admit  of  \  in.  of  sand 
being  placed  all  round  it.  The  paper  cartridge  should  be  made 
thoroughly  water-tight  by  being  soaked  in  oil  or  grease  and  then 
allowed  to  dry. 

Wet  Moss. — Stemming  the  charge  with  wet  moss  is  another  means 
employed  to  prevent  flame  being  communicated  to  the  surrounding 
atmosphere,  and  is  said  to  be  eftective  when  used  with  gelatine  and 
dynamite.  The  same  result  may  be  obtained  by  using  a  stemming 
of  moist  clay. 

Precautions  against  Fire-damp  Explosions. — In  order  to  avoid 
the  danger  of  fire-damp  explosions,  arising  from  shot  firing,  in  fiery 
mines,  strict  observance  should  be  paid  to  the  following  rules  with 
regard  to  the  detonator : — 

*(1)  Explosives  should  always  be  exploded  by  a  sufficiently  powerful 
detonator.  Newly-introduced  explosives  should  be  tested 
first  to  ascertain  the  strength  of  the  detonator  required. 

(2)  The  fulminating  portion  of  the  detonator  must  be  properly 

enclosed,  for  only  such   caps  can   be  depended  on  as  do 
not  suffer  from  leakage. 

(3)  Detonators  should   be   tested   to   see   if    they   are   in    good 

condition. 

(4)  Wherever    possible   detonators   should    be   specially   re-dried 

before  being  used. 

(5)  If  explosion  is  to  take  place  in  wet  or  damp  ground,  the  point 

of  junction  with  the  friction  fuse  should  be  well  protected 

by  some  waterproof  covering.      [Friction-detonators,  t.e., 

detonlsitors  which  are  fixed  to  the  fuse  when  manufactured,  are  safer 

during  transport,  less  liable  to  be  jarred  in  tamping,  and  safer  to 

handle.] 

Selection  of  an  Explosive. — In  selecting  ordinary  explosives,  the  main  points 
to  be  taken  into  consideration  are :  safety,  strength,  cost,  change  prodaced  by 
moisture,  etc.,  and  the  nature  of  the  gases  evolved  by  combustion. 

The  selection  of  a  *  safety '  explosive  should  be  based  on  the  following  points  : — 

(1)  The  explosion  must  be  due  to  detonation  and  not  to  simple  combustion. 

(2)  The  products  of  explosion  must  be  non-inflammable  and  non-poisonous. 

(3)  The  explosive  must  be  safe  in  handling  as  well  as  in  action. 

(4)  Explosion  should  occur  at  as  low  a  temperature  as  possible,  with  the  greatest 

possible  rapidity  of  action.    (For  *  safety '  explosives  the  temperature  of 
detonation  should  not  exceed  2700*  F. ) 

Blasting, — The  most  suitable  position  for  the  charge  depends  upon 
various  circumstances, — a  knowledge  of  which  can  only  be  obtained  by 

♦  Trans,  Fed.  I.  M.  E.   vol.  x.  pp.  550-51; 
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practice.  All  'joints/  'backs/  Mjrpes/  'partings,'  etc.,  must  be 
carefully  avoided,  and  the  position  of  the  hole  for  the  charge  so 
placed  that  the  resistance  in  every  direction  may  be  as  nearly  equal 
as  possible  from  the  expected  plane  of  fracture. 

As  an  explosion  takes  effect  along  the  line  of  least  resistance,  if 
there  are  any  joints  or  cracks  near  the  hole,  they  will  determine  the 
direction  of  fracture,  and  the  charge  will  have  comparatively  little 
effect  in  any  other  direction.  In  the  case  of  a  sump-hole,  for  instance, 
in  a  sinking  pit,  the  line  of  least  resistance  will  be  the  shot  hole 
itself,  and  in  such  a  case  a  heavier  charge  of  gunpowder  than 
ordinary  must  be  used,  and  it  will  have  to  be  well  stemmed,  or 
a  strong  explosive  occupying  little  bulk  must  be  employed,  such  as 
dynamite. 

Detonators. — These  are  generally  made  of  copper  caps  containing 
a  small  quantity  of  fulminate  of  mercury,  or  a  mixture  of  fulminate 
with  chlorate  of  potash,  and  placed  on  the  end  of  a  fuse.  The  fuse 
is  cut  clean  and  inserted  in  the  detonator,  the  detonator  in  turn 
being  inserted  into  the  cartridge  of  explosive.  Different  explosives 
require  detonators  of  different  strength  to  explode  them. 

Safety  Fuses. — Many  safety  fuses  have  been  devised,  nearly  all  of 
which  consist  of  a  fine  column  or  central  core  of  gunpowder,  sur- 
rounded by  flax,  cotton,  or  similar  materials.  The  ordinary  safety 
fuse  is  constructed  in  this  way.  The  taped  fuse  is  protected  by  an 
external  varnished  coating,  and  is  adapted  for  use  in  wet  grotmd.  In 
using  this  fuse,  the  charge  to  be  fired  must  be  enclosed  in  a  cartridge, 
into  one  end  of  which  the  fuse  is  introduced.  The  gutta-percha  fuse 
is  surrounded  by  a  coating  of  that  material,  and  has  also  an  outside 
coating  of  waterproof  varnished  cloth,  so  as  to  preserve  the  gutta- 
percha, as  the  latter  becomes  very  brittle  when  exposed  to  air. 
Ordinary  fuse  bums  at  the  rate  of  about  three  feet  per  minute. 

The  disadvantages  of  using  ordinary  safety  fuses  are :  (a)  imcer- 
tainty  of  burning  speed  of  the  fuse ;  (p)  danger  of  missfires  through 
defective  fuse ;  (c)  dangers  of  shots  hanging  fire ;  {d)  ignition  of 
explosive  gases  from  *  spit '  of  safety  fuses ;  (e)  ignition  of  explosive 
gases  from  burning  fuses ;  (/)  dense  smoke  given  off  from  the  burning 
fuses. 

Firing  Shots  by  Electricity. — In  many  collieries  the  shots  are  fired 
by  electricity  For  this  purpose  two  kinds  of  detonators  are  used — 
low  tension  and  high  tension.  In  the  former  the  detonator  is  fired 
by  a  current  of  electricity  passing  through  a  fine  platinum  wire,  which 
is  brought  to  a  red  heat  and  fires  the  priming,  which  in  turn  fires  the 
fulminate  of  mercury  at  the  bottom  of  the  detonator 

In  the  high  tension  form,  the  current  itself  passes  between  the 
ends  of  the  two  wires,  which  are  near  enough  together  to  permit  of 
sparking.  The  low  tension  detonator  is  preferred  by  some  because  it 
can  be  tested  by  a  galvanometer,  whereas  the  high  tension  fuse  can- 
not.    This  facility  of  testing  is  of  advantage  when  a  large  number  of 
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shots  are  fired  simultaneously,  but  in  the  firing  of  only  single  shots 
the  one  class  of  detonator  is  as  good  as  the  other. 

One  very  important  matter  to  be  attended  to  in  electrical  firing 
is  to  have  a  sound  jxmction  between  the  wires  attached  to  the 
detonator  and  the  cable  from  the  battery.  The  advantages  of  using 
electric  fuses  are  :  (1)  greater  safety  to  the  miner ;  (2)  fewer  miss- 
fires  ;  (3)  should  a  missfire  occur  the  borehole  can  be  approached 
in  perfect  safety  when  the  exploder  is  disconnected  from  the  cable ; 
(4)  no  flame  from  the  fuse  and  no  ignition  of  gas  ;  (5)  no  smoke  from 
the  fuse  ;  (6)  economy  in  time  and  labour ;  (7)  a  series  of  shots  may 
be  fired  simultaneously.  The  fuses  should  be  carefully  cleaned  with 
a  small  piece  of  sandpaper  before  being  coupled  up. 

At  many  mines  a  detailed  account  is  kept  of  all  the  explosives  and 
every  detonator  given  out,  and  the  responsible  person  in  charge  of 
whom  they  are  given  out  must,  at  the  end  of  the  shift,  render  an 
account  of  the  number  fired,  missed  shots,  etc.  This  is  a  great  safe- 
guard against  their  being  lost  or  carelessly  thrown  aside,  and  will 
naturally  reduce  the  number  of  accidents. 

Whatever  kind  of  detonator  is  used,  there  should  be  a  good  surplus 
of  power  so  as  to  minimise  the  risk  of  miss-shots.  The  connection 
should  also  be  frequently  tested  to  see  that  none  of  the  wires  are 
broken  or  damaged,  in  which  case  'short  circuiting'  might  take 
place.  The  advantages  of  electric  firing  are,  that  it  is  safer,  as  it 
allows  the  men  to  get  out  of  the  way  before  the  shot  is  fired,  and 
there  is  no  danger  from  a  *  hang-fire '  shot,  which  saves  the  time  of 
the  workmen. 

Cost  of  Blasting. — *The  average  cost  for  blasting  with  gunpowder 
is  about  0*6d.  per  ton,  and  for  safety  explosives  0*9d.  per  ton  of  coal 
got,  or  a  diflference  of  0'3d.  per  ton  in  favour  of  gunpowder,  so  that 
the  cost  for  blasting  is  increased  about  fifty  per  cent,  when  safety 
explosives  are  used.  With  gunpowder  the  percentage  of  round  coal 
got,  in  a  number  of  experiments,  averaged  62*2  per  cent,  and  for 
safety  explosives  62*0  per  cent.,  so  that  so  far  as  this  is  concerned 
there  is  not  much  difference  between  gunpowder  and  some  of  the 
safety  explosives.  In  blasting  rock  there  is,  however,  an  estimated 
gain  of  25  per  cent,  in  using  the  latter. 

*  Paper  by  Henry  Hall,  H.M.L 


CHAPTBE  V. 

MECHANICAL  WEDGES,  ROCK  DRILLS,  AND  COAL- 
CUTTING  MACHINES. 

Mechanical  Wedges  in  Goal  Mining.  —  In  underground  excava- 
tions the  coal  seam  or  rock  can  very  rarely  he  removed  hy  the  aid 
of  picks  alone,  unless  in  very  soft  strata.  In  ordinary  seams  wedges 
are  used  to  assist  in  bringing  down  the  coal  after  it  has  been  *  hol«i,' 
— the  commonest  form  employed  being  known  as  the  *  feather-shaped ' 
wedge.  This  wedge  is  also  an  adjunct  to  blasting  in  many  mines ; 
the  coal  being  first  loosened  by  explosives  and  afterwards  wedged 
down. 

Elliott  Multiple  Wedge. — In  mines  where  blasting  is  prohibited, 
some  mechanical  method  must  be  adopted  for  bringing  down  the 
coal  or  rock  without  the  aid  of  explosives.  The  Elliott  wedge  is 
designed  for  such  a  purpose,  and  may  be  said  to  be  an  adaptation  of 
the  old  plug  and  feather.  The  construction  and  use  of  the  wedge 
will  be  imderstood  from  figs.  83,  84.  To  use  the  wedge  a  hole  must 
first  be  bored  out  deep  enough  to  hold  the  wedges.  Into  this  hole 
are  then  inserted  two  portions  of  the  wedge,  a  a,  tapered  in  front  and 
increasing  in  thickness  towards  the  further  end.  These  pieces  are 
constructed  with  the  front  portion  turned  back  so  as  to  grip  the 
hole  and  prevent  them  from  being  driven  out  of  position.  Two 
other  long-tapered  wedges,  6  b,  are  now  driven  into  the  hole,  and  if 
these  fail  to  bring  down  the  coal,  a  third  wedge,  d,  may  be  driven  in 
between  them  and  thus  exert  further  pressure. 

The  advantages  claimed  for  this  wedge  are  that  only  a  small  hole 
requires  to  be  bored,  that  the  expansive  force  developed  is  great,  the 
weight  of  wedges,  etc.,  is  small,  and  the  first  cost  low.  The  wedges 
are  made  in  two  sizes :  for  holes  If  in.  diameter,  2  ft.  6  in.  long; 
and  for  holes  2  in.  diameter,  3  ft.  long. 

Burnett's  EoUer  Wedge. — In  using  the  multiple  wedge  a  great 
amount  of  power  is  necessarily  lost  in  overcoming  the  friction  of  the 
parts  sliding  over  each  other,  and  the  Burnett  roller  wedge  has  been 
designed  to  obviate  this  loss.  In  this  appliance,  the  wedges,  instead 
of  being  in  sliding  contact  with  the  feathers  or  cheeks,  are  in  rolling 
contact  only,  and  as  the  rollers  are  arranged  on  each  side  of  the 
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wedge,  it  will  be  undei-stood  that  the  latter  travels  twice  the  distance 

covered  by  the  rollers  on  the 
stationary  cheeks  or  feathers — 
the  centres  of  the  rollers  having 
a  velocity  ratio  equal  to  only 
half  that  of  the  advancing  wedge. 
The  power  is  thus  doubled  and 
the  friction  greatly  reduced. 
The  construction  of  the  wedge 
will  be   seen  from   figs.    85-89. 

A,  is  the  wedge-bar  formed  in 
continuation  of  the  plane,  A^, 
and  of  the  screw,  A^.  The  plain 
part,  A^,  is  enclosed  between  two 
bars  or  feathers,  B  B^,  which  are 
placed  in  the  borehole  as  shown. 
These  bars  are  formed  with  a 
taper  corresponding  to  that  of 
the  wedge,  and  the  bottom 
feather,  Bx,  which  has  to  bear 
the  greater  strain,  is  made 
stronger   than   the   top  feather, 

B.  The  rollers,  C  C,  are  placed 
near  the  end  of  these  feathers, 
B  B^.  A  nut,  E,  placed  on  the 
screw,  affords  facility  for  pulling 
the  inner  wedge-bar  A  out 
towards  the  face  of  the  coal, 
whereby  the  rollers  C  C,  while 
ascending  on  the  inclines  of  the 
inner  taper  bar  A,  and  the 
inclines  of  the  outer  taper  bars 
B  and  B^  force  the  two  latter 
apart  to  the  required  extent. 
The  nut  E  is  formed  with  a 
flange,  which  is  held  in  position 
by  means  of  a  bearing  plate.  Ex, 
having  lugs  as  shown.  On  the 
nut  E,  at  its  outer  end,  is  formed 
a  square,  £^,  on  which  is  fixed  a 
ratchet  lever. 

^^  ^^  i4j>p?tca<w?n   of  Wedge, — The 

^^P  ^^  necessary    holing    having    been 

Figs.  83  aud  84.— Elliott  wedge.         completed  and  the  coal  drilled, 

the  wedge  is  inserted.  The 
ratchet  lever  K  is  then  applied  to  E^,  which,  in  working,  rotates  the 
nut  E,  which,  bearing  against  the  shoulder  D,  begins  to  draw  out  the 
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wedge  A.  The  operator  continues  this  direct  action  of  the  handle 
until  more  power  is  required  than  can  be  thus  directly  obtained. 
The  handle  K  is  then  shifted  on  to  the  square,  H^,  of  the  lever  H, 
and  by  imparting  successive  oscillations  to  the  same,  the  roller  H*, 
acting  against  the  cam  slot,  G\  of  the  fork  G,  will  cause  the 
pawl,  (fig.  87)  F,  to  pass  a  tooth  at  each  oscillation  of  the  lever, 
and,  thus,  power  in  direct  proportion  to  the  ratio  of  the  leverage 
between  H  and  G  will  be  developed,  and  directed  towards  breaking 
down  the  coal  or  stone. 


Section  on  line  sJb 


f^^n) 

/< 

^ 

II                11             1  m 

Figs.  85,  86,  87,  88,  and  89.— Burnett's  roller  wedge. 

Bock  Drills. — Rock  drills  may  be  divided  into  two  distinct  classes, 
viz. — (1)  hand  drills,  (2)  machine  drills.  In  the  first  class  of  drills 
the  work  is  performed  by  manual  power  alone,  while  in  the  second 
class  other  methods  are  usually  employed,  such  as  hydraulic  pressure 
or  compressed  air. 

Hand  Drills. — The  commonest  type  of  this  class  is  that  known 
as  the  ordinary  *  ratchet'  boring  machine,  which  is  now  so  exten- 
sively used  in  all  kinds  of  mining.  It  consists  of  a  screw-spindle  a, 
(fig.  90),  terminating  in  a  hollow  square,  into  which  the  drill,  e,  can 
be  inserted,  and  working  through  a  screw-imt  collar  6,  which  is  fixed 
to,  or  composes  part  of,  a  hollow  sheath  «,  for  the  screw-spindle  to 
work  in.  When  a  hole  requires  to  be  bored,  a  prop  is  set  firmly  up, 
and  the  drill  fixed  against  it  with  the  boring-bit  e,  inserted  into  a 
small  hole  or  cut  made  with  the  pick  in  coal  or  rock.  The  handle  c, 
which  works  on  the  ratchet  d,  is  then  turned  and  bores  out  the  hole 
by  a  grinding  action.     When  the  full  length  of  the  drill  is  out,  it  is 
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again  worked  back  into  the  hollow  sheath  and  a  longer  drill  sub- 
stituted, the  same  process  being  repeated  until  the  hole  is  bored  to 
the  required  depth.  These  machines  are  very  handy  and  will  pene- 
trate very  hard  stone.  In  the  *  ratchet'  machine  a  prop  has  to  be 
used  to  support  the  machine,  and  where  hard  rock  has  to  be  bored 
it  is  often  diflficult  to  keep  the  drill  in  position.  To  overcome  this 
difficulty  and  save  loss  of  time  many  machines  are  now  provided 
with  adjustable  stands.  In  the  *  Conqueror '  boring  machine  such  a 
stand  is  provided,  and  the  screwed  nut  and  hollow  sheath  is  done 
away  with,  the  screw-spindle  actuating  the  drill  working  through  a 
long  screw  thimble  a  (fig.  91),  which  can  be  fitted  on  any  part  of 
the  stand  to  suit  the  height  of  working  and  position  of  hole.     An 


Fig.  90.— Hand  drill. 


Fig.  91. — 'Conqueror'  machine. 


iron  sole-piece  is  used  on  which  the  machine  may  stand,  and  the 
height  of  the  stand  can  be  varied  by  the  adjusting  screw,  which  at 
the  same  time  tightens  it  between  the  roof  and  floor.  There  is  also 
an  adjusting  sliding  piece,  6,  for  regulating  the  position  of  the  boring 
bit.  The  drill  can  be  worked  either  with  one  or  two  handles,  accord- 
ing to  the  hardness  of  the  material  to  be  bored  and  the  power 
required. 

Machine-Power  Drills, — This  class  of  machine  has  proved  of  great 
service  in  certain  kinds  of  work.  These  drills  are  not  so  largely 
employed  in  coal-mining  as  in  tunnelling,  metal-mining,  and  quarry- 
ing, but  there  are  often  cases,  such  as  the  driving  of  mines  in  hard 
rock,  sinking  shafts  through  igneous  rocks,  etc.,  where  they  can  be 
used  with  great  advantage  as  auxiliaries  in  coal-mining.  Possibly  the 
fact  that  they  require  to  be  supplied  with  motive  power  such  as 
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steam  or  compressed  air,  the  use  of  which  involves  considerable  first 
cost  in  plant,  and  that  skilled  men  are  required  to  work  them 
properly  will  be  against  their  extensive  use  in  small  coal  mines. 
'J'here  are,  however,  many  collieries  where  compressed  air  is  used  for 
numerous  purposes,  amongst  others  for  driving  coal-cutting  machines, 
and,  in  such  circumstances,  machine  drills  might  be  advantageously 
used. 

In  order  to  obtain  the  greatest  benefit  from  the  use  of  rock  drills 
in  sinking  or  tunnelling,  it  is  necessary  that  a  given  length  be  driven 
by  each  series  of  holes,  and  that  all  the  holes  of  each  series  should 
be  fired  simultaneously,  either  by  electricity  or  by  a  quick-burning 
fuse.  The  special  point  in  favour  of  the  use  of  rock  drills  in  hard 
stone  is  that  the  same  work  is  effected  in  about  half  the  time  that  it 
could  be  done  by  ordinary  methods.  The  following  average  weekly 
results  have  been  obtained  by  the  aid  of  rock  drills,  the  rate  of 
wages  being  that  prevailing  in  1894.* 


Shaft  18  ft.  diameter  : — 


Cost  per  Yard. 


^:^^        Wages.      Explosive.    ^^^^^ 
Feet.        £     s.    d.     £    s.     d.       £     s.    d. 


Very  hard  limestone  with  part- 
ings,       30  10    4    0       1  18    0        12    2    9 

Coal  measures,  shales  and  sand- 
stones,   39  7  12    6      0  19     0  8  11     6 

The  depth  sunk  by  each  series  of  holes  was : — 

Hard  limestone,        ,        .        .     4^  feet  in  18  hours. 

,,     sandstone,        .         .         .     5|      ,,      18     ,, 
Shale  and  sandstone,  .        .6^      „      16     ,, 

The  weight  of  stone  lifted  with  each  round  of  shots  averaged,  for 
hard  stone  130  tons,  and  for  moderately  hard  stone  150  tons. 

These  figures  are  significant,  as  the  cost  of  sinking  would  have  been 
at  least  25  to  30  per  cent,  higher  if  the  ordinary  methods  had  been 
adopted,  while  the  rate  of  progress  is  very  much  greater,  which  is  an 
important  factor  in  all  sinkings.  Of  course  there  is  the  additional 
cost  of  plant  and  consumption  of  fuel  to  be  taken  into  account.  In 
the  case  cited,  where  four  drills  were  used,  an  air-compressor  having 
a  cylinder  16  in.  diameter  by  24  in.  stroke,  with  a  20  nominal  horse- 
power boiler  attached,  was  required.  Each  drill  when  working  con- 
sumed about  30  lbs.  of  coal  per  hour,  or  taking  the  working  time  of 
the  drills  at  four  hours  per  day,  the  consumption  of  four  drills  would 
be  about  480  lbs. 

There  are  so  many  different  kinds  of  machine  drills  in  use  that  it 
would  take  up  too  much  space  to  attempt  to  describe  them  all,  and 
all  that  will  here  be  attempted  is  to  instance  a  few  of  the  best  known. 

♦  Trans,  I.  M,  E,,  vol,  viii.  pp.  18-19. 
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Before  doing  so,  it  may  be  pointed  out  that  the  requirements  of  a 
good  rock  drill,  as  concisely  stated  by  Andr^*  in  his  work  on  coal- 
mining, are  as  follows  : — 

(1)  A  machine  rock  drill  should  he  simple  in  construction  and  strong  in  every 

part. 

(2)  It  should  consist  of  few  parts,  and  especially  of  few  moving  parts. 

(3)  It  should  be  as  light  in  weight  as  can  be  made  consistent  with  the  first 

condition. 

(4)  It  should  occupy  but  little  space. 

(5)  The  striking  part  should  be  relatively  of  great  weight,  and  should  strike 

the  rock  directly. 

(6)  No  other  part  than  the  piston  should  be  exposed  to  violent  shocks. 

(7)  The  piston  should  be  capable  of  working  with  a  variable  length  of  stroke. 

(8)  The  sudden  removal  of  the  resistance  should  not  be  liable  to  cause  any 

injury  to  any  part. 

(9)  The  rotary  motion  of  the  drill  should  take  place  automatically. 

(10)  Tlie  feed,  if  automatic,  should  be  regulated  by  the  advance  of  the  piston  as 

the  cutting  advances. 

(11)  The  machine  shall   be  capable   of  working  with   a  moderate  degree  of 

pressure. 

(12)  It  shall  be  capable  of  being  readily  taken  to  pieces. 

Darlington  Drill. — This  is  one  of  the  simplest  and  most  eflfective 
machines  in  use.     It  consists  essentially  of  two  parts :  the  cylinder 


Figs.  92,  98,  and  9 i.— Darlington  drill. 

A  (fig.  92),  with  its  cover,  and  the  piston  with  its  rod,  to  which  is 

attached  the  boring  tool  c.     To   give   the   latter  a  rotary  motion, 

*  A  Practical  Treatise  on  Coal- Mining ^  by  G.  G.  Andre,  p.  148. 
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there  is  a  spiral  or  rifled  bar  H,  having  three  grooves,  and  being 
fitted  at  its  head  with  a  ratchet-wheel  e,  recessed  into  the  cover  of 
the  cylinder. 

Two  detents, // (fig.  94),  are  also  recessed  into  the  cover,  and  are 
made  to  fall  into  the  teetli  of  the  ratchet-wheel  by  spiral  springs. 
This  arrangement  of  the  w^heel  and  the  detents  allows  the  spiral  bar 
H  to  turn  freely  in  one  direction,  while  it  prevents  it  from  turning 
in  the  contrary  direction.  The  spiral  bar  drops  into  a  long  recess 
in  the  piston,  which  is  fitted  with  a  steel  nut,  made  to  accu- 
rately fit  the  grooves  of  the  spiral.  Hence  the  piston  during  its 
instroke  is  forced  to  turn  upon  the  bar,  but  during  its  outstroke 
it  turns  the  bar,  the  latter  being  free  to  move  in  the  direction  in 
which  the  straight  outstroke  of  the  piston  tends  to  rotate  it.  Thus 
the  piston,  with  the  boring  tool,  assumes  a  new  position  after  each 
stroke.  The  total  length  of  the  Darlington  drill  is  3  ft.  and  the 
weight  100  lbs. 

Adelaide  Drill — The  Adelaide  drill  somewhat  resembles  the 
Darlington  machine  just  described,  but  in  it  the  air  is  used  ex- 
pansively, and  it  has  only  one  moving  part.  *The  piston  c  (figs.  95, 
96)  works  in  a  cylinder,  having  ports  and  passages  so  arranged  that 


Fig.  95.— Tlic  Adelaide  drill. 

the  air  or  steam  is  admitted  and  cut  off  automatically  by  the  piston 
itself.  Air  enters  through  an  annular  port  A,  by  which  means  the 
pressure  is  equalized  on  all  sides  of  the  piston-rod  and  unequal  wear 
is  avoided. 

The  exhaust  takes  place  through  the  port  B.  The  piston  itself  is 
made  to  perform  the  action  of  a  valve  in  the  following  manner  :  as 
soon  as  it  reaches  the  port  B,  free  communication  is  opened  with  the 
atmosphere  and  exhaust  takes  place,  not  only  here,  but  also  through 
the  ports  Bj,  which  have  by  this  time  passed  outside  the  cylinder 
cover.  The  inlet  aperture  A,  being  always  in  free  connection  with 
the  air  receiver,  the  pressure  now  acts  on  the  small  area  at  the 
front  of  the  piston,  and  drives  it  backward,  until  this  part  is  also 
brought  into  connection  with  the  exhaust ;  at  the  same  moment,  the 
ports  Bj  come  opposite  the  inlet  A,  compressed  air  enters  through 
the  hollow  rod  C,  passes  into  the  back  end  of  the  piston,  and  drives 

*  Journal  Brit.  Soc»  Min,  Students,  vol.  xiii.  pp.  70-71. 
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tlie  drill  rapidly  forward  against  the  rock.     Admission  takes  place 


during  half  the  stroke,  the  air 

1 


working   expansively  during  the 
second  half. 

To  rotate  the  drill  there  is  a 
spiral  or  rifled  bar  D,  having 
three  grooves.  It  is  fitted  at 
its  head  with  a  ratchet-wheel  E, 
which  is  recessed  into  the  cover 
of  the  cylinder.  Two  detents 
or  cams,  also  fixed  into  the 
cylinder  cover,  are  forced  by 
small  springs  to  engage  with  the 
teeth  on  the  wheel  E.  The 
feed  is  obtained  through  the 
rotation  of  the  screw  H,  in  the 
nut  G.  As  the  admission  both 
below  and  above  the  piston 
I  takes   place    some    time    before 

Fig.  96.-Section  of  Adelaide  drill.        ^^    ^^^^^s    at   the    end   of    the 

stroke,  a  cushion  is  formed, 
and  the  piston  is  thus  prevented  from  striking  the  covers. 

IngersoU  Drill. — Fig.  97  shows  the  construction  of  the  IngersoU 
eclipse  drill  which  is  so  largely  used  in  American  mines.  Either 
steam  or  compressed  air  may  be  used  as  the  motive  power.  The 
machine  consists  of  the  cylinder  A,  with  the  piston  M,  and  the  piston- 
rod  B.     Steam  or  air  is  admitted  by  a  single  spool  valve  C,  and  enters 


Fig.  97.— The  IngersoU  drill. 

the  valve  chest  at  o,  and  when  the  piston  has  reached  the  end  of  its 
back  stroke  it  passes  round  the  valve  to  the  passage  N',  and  then 
enters  the  port  P',  and  ultimately  reaches  the  back  end  of  the 
cylinder.  When  the  valve  is  reversed,  the  air  goes  past  and  enters 
the  port  P,  to  the  front  end  of  the  cylinder.  In  the  figure  the  port 
P  is  shown  communicating  with  the  exhaust  E. 

In  the  piston  M  are  two  recesses  8  8,  which  practically  makes  two 
short  pistons  out  of  one  long  one.  There  are  two  ports,  F  F,  leading 
to  the  exhaust,  and  two  small  ports,  D  D',  communicating  cross-wise 
with  the  ends  of  the  valve  chest,  i.e.,  the  port  D  is  connected  with 
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the  end  R'  and  D'  with  R.  At  each  end  of  the  cylinder  are  placed 
two  elastic  cushions,  H  H',  to  protect  the  cylinder  covers  from  injury 
should  the  piston  be  suddenly  relieved  from  resistance  or  the  attend- 
ant fail  to  feed  forward  his  machine  as  the  drill  advances.  The 
drill  is  rotated  in  the  usual  way  by  a  rifled  bar  and  ratchet-wheel. 
This  drill  can  be  had  with  cylinders  varying  in  size  from  IJ  in. 
diameter,  which  is  used  for  light  work,  and  holes  3  to  4  ft.  deep  and 
1^  in.  diameter  up  to  5  in.  diameter,  which  is  the  largest  size  made, 
and  which  is  used  for  holes  25  to  50  ft.  deep  and  3  in.  to  6  in 
diameter. 

Coal  Cutting  by  Macliinery. — Coal  cutting  by  machinery  wa^ 
introduced  into  Britain  nearly  thirty  years  ago,  at  a  time  when  there 
was  a  great  scarcity  of  workmen  in  the  mining  districts.  Since  that 
time  mechanical  cutters  have  been  used  to  some  extent  at  many 
collieries,  but,  speaking  generally,  coal  cutting  by  such  means  has 
had  only  a  very  limited  application  in  English  mines.  In  America 
it  is  otherwise,  for  there  installations  of  coal-cutting  machinery  are 
at  work  in  a  very  large  number  of  mines.  Under  certain  circum- 
stances coal  can  be  got  in  better  condition  and  at  a  cheaper  rate  by 
machinery  than  by  hand  labour.  These  circumstances  may  be 
stated  thus: — 

(1)  When  the  underclay  is  very  hard  and  not  easily  holed  by  hand 

labour. 

(2)  When  the  seam  is  under  3  ft.  in  thickness. 

(3)  When  there  is  a  good  roof  and  floor,  the  latter  being  fairly 

level. 

(4)  When  the  wages  of  miners  are  high. 

Coal-cutting  machines  may  be  divided  as  follows : — 

(1)  Heading  machines,  such  as  Stanley's. 

(2)  Machines  adapted  for  working  in  narrow  places  or  rooms  in 

pillar  and  stall  working,  such  as  the  Ingersoll-Sergeant,  and 
Harrison  machines. 

(3)  Machines  adapted  for  work  in  a  continuous  face  as  in  long- 

wall,  such  as  the  Gillott  <fe  Copley,  or  Rigg  &  !^^eiklejohn 
machine. 

(4)  Machines  in  the  form  of  percussive  drills  for  use  in  narrow 

places. 

Stanley  Heading  Machine.  —  This  machine  is  principally  em- 
ployed for  driving  out  main  roads,  and  can  only  be  used  in  thick 
seams  of  coal,  z.e.,  over  5  ft. 

It  consists  of  an  iron  frame  carried  on  two  wheels  set  one  in 
advance  of  the  other.  On  this  frame  is  fixed  an  engine  with  two 
cylinders  placed  vertically,  the  pistons  being  connected  to  the  engine 
shaft  by  two  cranks.  This  engine  shaft  carries  geared  wheels  at 
each  end,  and  through  these  is  geared  to  the  principal  cutting  shaft 
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which  passes  through  the  centre  of  the  frame.  On  the  end  of  this 
shaft  a  cross-head  is  fastened,  to  which  are  attached,  at  right  angles, 
two  cutter  bars  upon  which  are  fixed  the  cutters.  These  cutters 
revolve  in  a  circle,  and  cut  out  a  chcular  core  of  coal  about  5  ft. 
in  diameter.  The  main  shaft  has  a  screw  thread  cut  nearly  its 
whole  length,  by  which,  aided  by  suitable  gearing,  the  cutters  are 
advanced.  The  cutter  bars  project  about  3  ft.  beyond  the  cross- 
head  ;  and  this  length  controls  the  depth  of  each  cut.  The  machine 
is  *  anchored  *  to  the  sides  and  floor,  by  means  of  screwed  arms,  to 
maintain  it  in  position  and  to  keep  the  cutters  against  the  face. 
When  a  cut  the  length  of  the  arms  has  been  made  and  the  coal 
removed,  the  cutting  motion  is  put  out  of  gear  and  the  advancing 
motion  put  into  gear,  by  which  the  whole  machine  is  propelled 
forward  ready  to  start  a  new  cut.  The  whole  machine,  which  is 
worked  by  compressed  air,  weighs  between  3  and  4  tons.  It  can  cut 
usually  between  12  to  15  feet  in  a  shift  of  eight  hours,  including  the 


Fig.  98. — Stanley  heading  machine. 


time  taken  to  bring  down  the  coal  and  move  the  machine  forward. 
Compared  with  hand  labour  the  cost  of  cutting  by  this  machine  is 
high,  but  the  great  advantage  of  using  it  is  the  rapidity  with  which 
a  field  of  coal  can  be  opened  out. 

Ingersoll-Sergeant  Machine. — This  machine,  and  also  the  Harrison 
machine,  is  fitted  for  working  in  narrow  rooms.  It  is  simply 
a  chisel  attached  to  the  continuation  of  the  piston-rod  of  an  air 
cylinder,  and  may  be  called  a  slotting  machine.  The  machine  is 
mounted  on  a  pair  of  wheels  to  enable  the  cutting  tool  to  operate  in 
any  direction,  either  undercutting  or  cutting  in  an  upward  direction, 
and  to  facilitate  the  removal  of  the  machine  from  point  to  point. 
The  tool  receives  a  reciprocating  motion  from  a  small  cylinder  of  the 
usual  type  fixed  to  the  frame  of  the  machine.  The  piston  works 
through  suitable  packing  at  the  front  end  of  the  cylinder,  and  is 
made  long  enough  to  project  beyond  the  end  of  the  sleeve  in  which 
it  works  when  at  the  end  of  its  back  stroke.     At  the  forward  end  of  the 
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cylinder  is  placed  a  butter  of  leather  of  such  constructiou  as  to  form 
a  cushion  for  the  piston.  The  projecting  part  of  the  piston-rod  is 
tapered  so  as  to  fit  a  corresponding  taper  in  an  extension  piece 
which  is  fixed  to  the  piston-rod  by  a  key.  The  outer  end  of  this 
extension  piece  is  made  to  receive  the  pick  or  chisel,  which  is  also 
held  in  position  by  another  key.     The  piston-rod  is  provided  with 
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Fig.  99. — Ingersoll-Sergeant  machine. 


eight  straight  grooves  engaging  in  similar  projections  in  the  end 
bushing  for  the  purpose  of  preventing  any  accidental  movement  of 
the  piston  and  pick.  The  cutting  edge  of  the  pick  is  shaped  like  a 
V,  having  a  sharp  edge  and  cutting  points.  The  pick  can  be  easily 
removed  and  sharpened.  The  machine  is  worked  from  an  inclined 
board  of  convenient  size,  while  making  an  open  channel  under  the 
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coal  of  4  ft.  to  5  ft.  of  face  and  3  ft.  to  5  ft.  of  undercut.  The 
claims  of  this  machine  are  that  it  is  small,  simple  in  construction, 
requires  little  space,  is  light — weighing  only  about  750  lbs. — port- 
able and  cheap. 

The  Hairison  machine  is  so  very  like  the  Ingersoll-Sergeant  that 
it  need  not  be  described,  the  only  difference  being  that  it  is  heavier 
and  stronger.  Another  machine  which  is  very  similar  to  both  the 
Ingersoll  and  Harrison  machines  is  the  Yoch  coal  cutter.  All  three 
machines  are  extensively  used  in  American  mines. 

These  machines  are  best  suited  for  thick  seams  with  a  good  roof, 
as  they  require  a  clear  space  at  the  face  of  7^  ft.  to  9  ft.  This  class 
of  coal-cutting  machine  is  being  superseded  by  the  chain  cutter  type, 
which  clears  itself  much  more  efl&ciently. 

Chain  Cutting  Machineg. — The  two  best  types  of  this  class  are 
the  Mitchell  and  Jeffrey  machines,  both  of  which  are  American 
inventions. 

The  Mitchell  Machine  is  worked  by  compressed  air  and  has  two 
cylinders,  each  6  in.  diameter  by  8  in.  stroke.  The  machine  is 
mounted  upon  a  shoe  2^  ft.  wide  and  7  ft.  long,  the  whole  weighing 
about  4000  lbs.,  and  propels  itself  along  the  face,  making  an  under- 
cut either  in  the  coal  or  in  the  fireclay  by  means  of  a  projecting  bar 
or  arm  and  a  revolving  chain,  cutters  being  fixed  in  the  links  of  the 
chain.  The  bar  projects  at  right  angles  from  the  side  of  the  machine, 
and  may  be  regulated  to  any  depth  of  cut  from  3  to  5  ft.  The 
vertical  height  of  the  cut  is  about  3 J  in.,  and  this  represents  all  the 
slack  made  in  the  working.  Motion  is  transmitted  to  the  chain  by 
spur  and  bevel  wheels,  the  gearing  running  in  oil.  To  the  rear  of 
the  machine  is  attached  a  steering  device,  which  enables  it  to  follow 
a  face  not  perfectly  straight,  if  required,  as  the  machine  is  kept  up 
to  the  face  by  means  of  a  lever  attached  to  the  steering  gear.  The 
rate  of  cutting  by  this  machine  is  very  rapid,  the  revolutions  of  the 
chain  being  about  250  per  minute,  cutting  about  1  ft.  per  minute, 
and  an  average  day's  work  is  a  cut  of  300  lineal  feet,  5  feet  under, 
in  a  shift  of  eight  hours.  The  objections  to  this  machine  are  that  it 
is  too  heavy  and  requires  a  height  of  about  3  ft.  and  a  width  of  4  ft. 
to  pass  along  the  face,  and  is  therefore  not  suitable  for  seams  under 
3  ft.  thick. 

Jeffrey  Chain  Machine. — This  machine  is  designed  to  work  either 
in  pillar  and  stall  or  longwall  workuigs,  and  can  be  built  to  work 
by  compressed  air  or  electricity. 

It  consists  of  three  principal  parts,  the  bed  frame,  the  sliding 
chain  cutter  frame,  and  the  motor  carriage.  Upon  the  frame  are 
mounted  the  feed  racks  and  a  cross-bar,  on  which  rests  the  jack  for 
taking  the  backward  thrust.  The  cutter  frame  consists  of  one  steel 
centre  rail,  the  cutter  head,  and  two  side  guides  for  the  cutter  chain. 
The  cutter  frame  is  triangular  in  shape,  making  it  necessary  to  use 
only  three  wheels,  two  in  the  cutter  bead  and  the  sprocket-wheel,  for 
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conveying  power  to  the  cutter  chain.  The  driving  and  feeding 
mechanism,  consisting  of  steel  pinions  and  wheels  for  working  the 
machine,  are  mounted  on  the  carriage.  The  cutter  bits,  which  are 
fixed  in  the  ends  of  the  cast  steel  cutter  links,  are  straight,  with  a 
slight  hook  at  the  cutting  end.  When  it  is  set  working,  the  chain 
begins  to  travel  round,  while  at  the  same  time  the  cutter  head  and 


Fig.  100.— Jenfrey  coal  cutter. 

frame  are  advanced  into  the  coal.  The  machine  having  cut  to  the  full 
depth,  the  direction  of  travel  is  reversed  and  the  cutter  frame  drawn 
in  again.  The  machine  is  then  slid  along  a  distance  about  equal 
to  that  of  the  cutter  head  and  the  work  proceeds  as  before.  The 
machines  are  built  to  undercut  5^  and  7  ft.,  the  height  of  cut  being 
4  in. 

Eotary- Wheel  Machines. — For  longwall  workings  there  can  be 
no  doubt  this  type  of  machine  has  proved  the  most  successful,  as  it 
is  best  adapted  for  thin  seams,  being  comparatively  light  and  not 
taking  up  much  space. 

Gillott  &  Copley  Machine. — This  is  one  of  the  best  known 
types  of  disc  machine,  and  has  been  successfully  used  for  over  twenty 


Fig.  101.— The  Gillott  &  Copley  coal  cutter. 

years.     It   is  worked   by  compressed   air,  and   has  a  frame  about 
5J  ft.  long  by  2^  ft.  wide  which  carries  two  cylinders  8  or  9  iu. 
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diameter  and  about  the  same  length  of  stroke.  The  cutter-wheel, 
which  varies  from  3  to  4  ft.  in  diameter,  carries  on  its  circumference 
about  twenty-five  steel  teeth,  and  cuts  to  a  depth  of  3  to  3^  ft., 
the  height  of  cut  not  being  more  than  3  inches.  This  machine 
works  at  a  low  speed,  the  cutter- wheel  making  only  about  five 
or  six  revolutions  per  minute.  The  machine  runs  along  the 
face  on  rails  and  is  fitted  with  the  usual  wire  rope  and  drum  arrange- 
ment. The  disadvantage  of  this  machine  was  that  it  did  not  cut 
level  with  the  floor,  the  portion  left  on  having  to  be  taken  up  by 
hand.  It  is  now  arranged  to  cut  level,  but  it  must  be  provided  with 
a  guard  to  keep  the  disc  from  taking  the  cuttings  back  into  the 
holing. 

Bigg  &  Meiklejohn  Machine. — ^This  machine  is  somewhat  like 
the  Gillott  &  Copley  cutter  and  holes  the  coal  in  the  same  way, 
the  picks  being  fixed  into  a  circular  disc.  It  is  made  so  that  it  can 
cut  at  the  very  bottom  of  the  coal. 


Fig.  102. — Rigg  &  Meiklejohn  macliino. 


The  construction  of  the  machine  will  be  understood  by  reference 
to  fig.  102.  It  is  placed  on  a  steel  frame,  xy,  carried  on  four 
wheels  and  kept  in  adjustment  by  screws  at  each  corner.  The  two 
air  cylinders,  d  d,  are  bolted  to  the  frame,  these  cylinders  being 
about  8  in.  diameter  and  10  in.  stroke.  A  jib,  6,  bolted  to  the  side 
of  the  frame,  carries  the  disc  a,  with  eight  or  ten  snugs,  ee,  on 
which  the  picks  are  bolted.     A  bevel  pinion,  <;,  with  twenty-seven 
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teeth  ou  the  engine  shaft,  is  geared  into  a  circular  rack  /,  of 
sixty  teeth  on  the  disc.  The  disc  makes  about  sixty-two  revolu- 
tions per  minute,  while  the  engine  makes  about  140  revolutions. 
The  picks,  5  to  6  in.  long,  made  of  hard  steel,  are  in  sets  of 
four,  are  shaped  so  that  the  whole  thickness  of  holing,  about  4  in., 
is  fully  occupied  by  the  pick  points.  The  disc  revolves  on  a  bearing, 
and  is  kept  in  position  by  a  bottom  plate,  bolted  with  stud  bolts  to 
the  jib.  The  machine  is  reversible  and  cuts  either  way.  The 
engines  are  reversed  by  turning  the  eccentric  pulleys  round  on  the 
shaft,  no  links  being  used.  The  machine,  whilst  cutting,  is  hauled 
along  by  gearing  from  the  main  driving  shaft,  on  which  there  is 
bolted  a  split  worm  which  works  into  a  pinion  on  the  imder  shaft. 
The  under  shaft  extends  from  the  engine  sole-plate  to  the  front  of 
the  machine  in  which  the  bearings  are  seated.  A  solid  worm  on 
the  under  shaft  is  geared  into  a  pinion  on  the  hauling  shaft,  on 
which  the  drum  or  chain  wheel  g  is  placed.  A  |-in.  chain  is  coiled 
once  or  twice  roxmd  the  drum  and  is  made  fast  to  a  prop  60  ft. 
ahead.  The  depth  of  cut  is  about  3  ft.  to  3  ft.  6  in.,  the  height  of 
the  machine  22  in.,  and  the  weight  about  18  cwts. 

Pope  &  Pearson  Machine. — This  machine  is  also  of  the  rotary- 
wheel  type.  It  is  placed  on  a  frame  8^  ft.  long  by  2f  ft.  wide,  and 
is  provided  with  wheels.  The  machine  is  worked  by  compressed  air, 
and  the  cylinders,  each  9J  in.  diameter  and  9  in.  stroke,  are  placed 
at  each  end  of  the  framework,  an  arrangement  which  has  an 
important  efifect  in  balancing  the  large  cutter-wheel.  The  latter, 
which  is  5  ft.  8  in.  in  diameter  without  cutters,  and  6  ft.  4  in.  with 
cutters,  is  carried  by  a  triangular  bracket  fastened  to  the  frame. 
The  speed  of  the  engine  to  the  cutter-wheel  is  reduced  in  the  propor- 
tion of  22  to  1,  the  wheel  when  at  work  running  from  seven  to 
eight  revolutions  per  minute.  The  depth  of  undercut  is  5i^  ft.  and  5 
to  6  in.  high.  A  peculiar  aiTangement  in  this  machine  is  that  by 
fitting  on  an  extra  pair  of  axles  and  wheels  and  turning  the  machine 
over,  it  can  be  made  to  cut  at  any  height  in  the  seam.  This  is  an 
excellent  machine  for  longwall  work,  combining  the  advantages  of 
the  Gillott  &  Copley  and  Rigg  <fe  Meiklejohn  machines,  besides 
giving  a  deeper  undercut  than  either. 

Power  to  Drive  Coal  Cutters. — With  regard  to  the  power 
necessary  to  work  coal-cutting  machines,  the  amount  will  of  course 
vary  greatly  according  to  the  class  and  type  of  machine,  nature  of 
holing,  etc.  Mr  R.  M.  Haseltine  of  Ohio,  America,  gives  some 
results  from  observations  made  on  different  machines  at  seven 
different  collieries.  Taking  the  whole  of  the  experiments,  five  bar 
machines  consumed  on  an  average  18*7  horse-power  each,  and  seven 
chain  machines  14*4  horse-power  each.  The  power  required  to  over- 
come the  frictional  resistance  of  the  machine  alone  was  about  6*8 
horse-power  with  the  bar  machine  and  4*2  horse-power  with  the 
chain  machine,  which  shows  that  the  latter  is  much  more  economical 
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to  work  than  the  bar  type.     The  following  table  gives  the  figures  as 
ascertained  at  the  Congo  Colliery,  Terry  County,  U.S.A. 

xr^  «r  fT-       f  -     Horse- i»o\ver. 

TyP-?r>epth.  Width.  Area.  IX^°L,       ,,  '       ^.^, 

Max.  JMin.  Aver. 

ft.  in.  ft   ill.  sq.  ft.  mills,  sees. 

JefTrey,        .Bar         6         5     6  2     8         14*8         4     31    26*9   17-3   227 

„  .    Chain       5         5     9  2     7         15  3     37    17-2   12*3   H'S 

Independent,      „  5        6     2  3    3  20  3     29    22*0   14*1    IS'l 

The  power  required  for  disc  cutters,  such  as  the  Gillott  &  Copley, 
will  be  about  the  same  as  above,  12  to  18  horse-power  on  an  average. 

Cost  of  Cutting  by  Machines. — This  is  a  very  difficult  matter  to 
determine,  as  so  many  conflicting  statements  have  been  published 
comparing  the  cost  of  cutting  by  machines  with  hand  labour.  Some 
authorities  put  the  saving  in  cost  with  machines  at  6d.  per  ton  com- 
pared with  hand  labour,  while  others  have  shown  that  the  saving  in 
cost  is  little  more  than  Id.  or  2d.  per  ton.  Both  statements  may  be 
correct,  for  wliere  the  larger  figure  of  6d.  per  ton  has  been  quoted, 
no  account  has  probably  been  taken  of  increased  outlay  of  capital, 
interest,  and  depreciation  of  plant,  which  have  all  to  be  carefully  con- 
sidered and  calculated  in  order  to  ensure  a  fair  comparison  between 
the  two  methods  of  cutting. 

The  two  following  tables  may  help  to  give  some  idea  of  the  saving 
in  cost,  working  with  machines.  The  first  table  (p.  93)  is  taken  from 
machines  working  in  the  Midland  district  of  England,  the  second 
(p.  94)  from  machines  worked  in  the  West  of  Scotland. 

Mr  Wm.  Blakemore  gives  the  cost  of  cutting  by  percussion 
machines  at  the  Dominion  Colliery  in  America,  working  by  pillar 
and  stall  in  a  seam  8  to  8^  ft.  thick,  at  Is.  5d.  per  ton,  the  cost 
being  made  up  as  follows  :  * — 

Table  shmoing  Edlmated  Cost  per  Ton^  Mining  with 
Percussion  Machines. 
Labour: —  s.    cl.      s.    d. 

Undercutting, 0    3 

Shearing, 0     1 

Boring, 0    OJ 

Blasting,  iiuluding  cost  of  iKiwder,      .        .         .         .       0     l| 
Timbering  and  special  supervision,       .         .         .          .02 
Loading, 0    4 

1     0 

Stores,  etc.  : — 

Material  and  other  charges,  .         .         .        .         .01 

Machine  .supplies, 0     2 

Proportion  of  motive  power, 0    1 

Depreciation  of  plant  and  interest  on  outlay,        .        .01 

0    5 

Total, 15 

*  Trans.  I.  Min.  Eng.^  vol.  xi.  p.  200, 
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Price  for  *  getting  *  by  hand  per  ton,  . 
Percentage  of  dross,  by  hand,     . 
„            „           by  machine, 
Average  selling  price  per  ton  (Hand), 
Round  coal  at  6s.  and  dross  at  2s.  6d  per 

ton  (Machine) 

Price   for  filling  out  coal  when  lioled  by 

machine, 

Yards  holed  by  each  machine  per  day  of 

sixteen  hours, 

Cost  per  ton  for  holing  by  machine,  . 
Total  cost  of  *  getting  *  by  machine,    . 
Saving  as  compared  with  hand  labour, 
Saving  in  yield  of  coal  (value),  . 
Total  saving, 
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Cost  in  Pence  per  Ton  of  20  Cwts.  of  triping  t  coal  (large  and  small) 
with  Machine. 


Name  of  Seam, 


Thickness  in  inches. 

Output  in  tons  per  day  per  machine, 


Filling  coal, 

Drawing,      .... 

Ripping  roads, 

Machining,   .... 

Cutting  and  shearing  at  wall-ends, 

Smith  work, 

Extra  ripping, 

Two  enginemen  for  compressors, 

Sundries,     .... 

Fuel  for  driving,  . 

Interest,       .... 

Depreciation, 


Nominal  wage  per  day, 


Total, 


VA\ 

36 
90 

Pence. 
7-20 
4  00 
3-20 
2-40 
3-20 
1-00 


Splint        Ell 


Pc-nco. 
7-50 
4-00 
3-50 
2-00 
3  00 
1-00 


30 


Pence. 
7-50 
4-00 
4-00 
200 
2-00 
1-00 


Lowei 

Drumgray. 

32 

82 

Pence. 
7-00 
2-33 
3-50 
3-50 
3-50 
0-31 
100 
0-58 
0-96 
202 
0-61 
0-92 


21-00 
6s. 


21  00 
4s. 


20-50 
4s. 


25-93 
5s. 


Cost  in  pence  per  Ton  of  20  Cwts.  of  Triping  by  Hand  Labour. 


Colliers, 

Fathomage, 

Ripping, 


12-325 
3-500 
5-000 


In  favour  of  machine. 
Nominal  wage  per  day, 


Total, 


30-00 
9-00 
4s. 


20-825 

0-325 

5s.  3d. 


36-00 
10-07 


It  will  be  seen  from  the  above  that  there  is  a  considerable  differ- 
ence in  cost  in  favour  of  the  machine.  Both  these  tables  show  the 
results  of  machines  in  longwall  workings. 

No  figures  are  given  by  Mr  Blakemore  (p.  92)  as  to  the  probable  cost 
by  hand  labour  in  the  same  seam,  as  such  comparisons  were  never  tried, 
and  to  compare  the  cost  with  working  a  seam  the  same  thickness  by 
hand  labour  in  British  coal-fields  would  only  give  a  false  impression,  as 
the  conditions  in  both  instances  are  totally  different.  In  many  of  the 
seams  in  the  American  mines  the  conditions  are  particularly  favour- 
able to  coal-cutting  machinery,  the  roof  and  floor  being  good,  faults 
few,  and  the  seams  lying  at  a  regular  inclination,  while  the  wages  of 
workmen  rule  high.  In  considering  the  saving  in  cost  by  using  coal- 
cutting  machinery  compared  with  hand  labour,  it  must  be  remembered 
that  all  collieries  are  not  equally  suited  for  machine  working,  and 
while  machine  mining  might  show  to  advantage  in  one  colliery  or 
seam  of  a  colliery,  it  might  not  be  so  in  the  same  seam  at  another 
colliery  not  far  off. 

*  Trans.  M.  Inst.  Scot,,  vol.  xiii.  p.  233. 

t  *  Triping '  is  a  term  used  for  mixed  coal  as  it  comes  from  the  mine. 
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The  conditions  prevailing  in  each  separate  seam  or  mine  have  to 
be  carefully  considered  by  themselves,  and  the  advisability  of  intro- 
ducing machines  or  not  decided  upon  the  merits  of  individual  cases. 

Work  done  by  Machines. — The  amount  of  work  perfoi-med  by 
coal-cutting  machines  will  vary  according  to  the  class  of  machine 
used,  the  thickness  of  seam,  the  hardness  or  otherwise  of  holing,  the 
condition  of  roof  and  floor,  and  the  evenness  or  otherwise  of  the 
latter.  With  disc  cutters,  such  as  the  Gillott  <k  Copley's  machine, 
working  on  a  longwall  face  and  undercutting  3  to  3^  ft.,  the  length 
of  cut  may  be  anything  between  300  and  450  ft.  in  a  shift  of  eight  or 
nine  hoiirs.  At  Swinhill  Colliery,  Lanarkshire,  in  a  seam  2  ft.  3  in. 
thick,  and  undercutting  3  ft.  deep  by  3J  in.  high,  the  amount  cut,  in 
a  shift  of  nine  hours,  varied  from  360  to  420  ft.  At  Westbum 
Colliery,  near  Glasgow,  in  a  seam  3  ft.  thick,  the  amount  cut  varied 
from  400  to  450  ft.  per  shift.  Stated  in  tons,  the  output  per 
machine  will  vary  from  70  to  100  tons  according  to  the  thickness  of 
seam.  Mr  Wm.  Blakemore,  in  a  paper  already  referred  to,  gives  some 
interesting  figures  as  to  the  amount  of  cutting  performed  by  percussive 
machines  in  America.     They  are  here  reproduced. 

Table  showing  the  Areas  of  Coal  Under-cut  at  Dominion  Mine  during 
a  Series  of  Special  Tests. 

xr.r««  «f  Mo^i,;»«  Under-      Full  Cut        Hours        Cut 

Name  of  Machine.  ^^^^^        p^^^     per  Day.  Worked,  per  Hour 

Si].  Ft.  S(i.  Ft.  Sq.  Ft. 

Ingersoll-Sergeant,     .        .        .       6,038  11  549  97  62*24 

Yoch, 5,929  11  539  99  59*88 

Harrison, 4,940  11  440  99  49*89 


Totals,  .         .      16,907         33         1,528        295         172*01 

Average,         .         .       5,635        11  509  98  57*30 

These  figures  are  the  result  of  working  by  stoop  and  room, 
which  is  of  course  not  so  well  adapted  for  coal-cutting  machinery  as 
longwall,  owing  to  the  frequent  changing  and  stopping  of  machines. 

Advantages  and  Disadvantages  of  Goal-cutting  Machinery. — 
The  advantages  and  disadvantages  of  cutting  by  machines  may  be 
here  stated  briefly. 

Advayitages, 

(1)  The  undercutting  can  be   done   much  quicker  by  machinery 

than  by  hand,  there  being  likewise  less  liability  to  accident, 
as  the  coal  is  usually  cleared  a  short  time  after  it  is  under- 
cut. 

(2)  As  the  face  moves  rapidly  forward  when  machines  are  used, 

the  workmen  are  under  new  roof  each  day.     Hence  fewer 
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accidents  are  likely  to  occur,  and  less  timber  will  be 
required. 

(3)  The  dangerous  work  of  holing  under   the   coal,  when   hand 

labour  is  employed,  is  dispensed  with.  A  large  number  of 
the  accidents  that  take  place  underground  occur  when  the 
men  are  undercutting,  and  through  their  failing  to  put  in 
'sprags'  or  *  holing  props'  to  keep  the  coal  from  falling 
prematurely. 

(4)  With  coal-cutting  machinery,  from  10  per  cent,  to  25  per  cent. 

more  round  coal  is  got  than  with  hand  labour,  and  hence 
the  value  of  the  product  is  increased. 

(5)  A  larger  output  can  be  made  by  a  given  number  of  men,  and 

the  length  of  wall  required  to  furnish  such  an  output  need 
only  be  about  one-half  of  that  required  when  hand  labour 
is  used,  consequently  fewer  roads  will  need  to  be  kept  open, 
and  fewer  rails,  sleepers,  etc.,  required. 

(6)  There  is  often  a  considerable  saving  in  cost,  compared  with 

hand  labour,  amounting  from  Id.  to  6d.  per  ton  of  coal  got. 

(7)  Thin  seams  with  a  hard  holing  can  be  often  worked  with  profit 

by  machines,  when  it  would  be  impossible  to  do  so  by  hand. 

Disadvantages. 

Against  these  advantages  must  be  set  some  disadvantages  in  con- 
nection with  cutting  machines,  such  as — 

(a)  A  considerable  addition  to  the  capital  outlay  is  necessary,  and 
consequently  during  strikes  or  times  of  bad  trade  more  fixed 
capital  will  be  lying  idle. 

(h)  There  is  a  difficulty  in  getting  capable  men  to  work  coal-cutting 
machines,  and  the  high  rate  of  wages  that  such  men  require 
to  be  paid  is  often  two  or  three  times  more  than  what  an 
ordinary  collier  is  earning. 

(c)  The  work  becomes  too  much  dependent  on  a  few  men,  and  if 

they  are  dissatisfied  with  the  conditions  and  stop  work,  a 
whole  section  or  whole  colliery  may  be  thrown  idle,  causing 
great  inconvenience  and  loss  to  both  employers  and  men. 

(d)  Coal-cutting  machines  are  not  suitable  for  seams  with  a  bad 

roof  or  uneven  floor.  If  used  under  such  conditions  they 
give  a  great  deal  of  trouble,  and  become  a  source  of  danger 
to  those  attending  them. 

(e)  The   transmission   of    the    necessary   motive    power   requires 

intricate  machinery  and  a  large  amoimt  of  piping,  which 
entail  much  additional  labour  to  look  after  and  keep  in 
good  repair. 


CHAPTER  VI. 

TRANSMISSION   OF  POWER. 

Location  of  Machinery.  —  The  power  employed  for  driving 
machinery  underground  is  very  rarely  generated  in  the  workings, 
unless  in  the  case  of  steam,  when  boilers  are  sometimes  placed 
underground.  This  is,  however,  a  practice  not  to  be  recom- 
mended. 

The  plant  for  the  generation  of  power  is,  as  a  general  rule,  placed 
at  the  surface,  and  the  power  may  then  be  transmitted  underground 
in  the  following  different  ways: — (1)  By  rods  of  wood  or  iron. 
(2)  By  wire  ropes.  (3)  By  steam.  (4)  By  compressed  air.  (5)  By 
hydraidic  or  water  pressure.     (6)  By  electricity. 

Rods  of  wood  or  iron  are  chiefly  employed  in  the  case  of  pumping 
machinery,  and  ropes  in  the  case  of  hauling  machinery  and  dook 
pumps  placed  a  considerable  distance  from  the  pit  bottom.  As  a 
general  rule  it  is  not  economical  to  work  pumps  by  wire  ropes, 
especially  when  off  the  haulage  ropes,  unless  the  pump  to  be  so 
actuated  can  raise  all  the  water  accumulated  during  the  time  that 
the  hauUng  ropes  are  at  work.  It  would  be  a  great  waste  of  power, 
and  cause  much  wear  and  tear,  to  keep  a  long  haulage  rope  in 
operation  merely  to  work,  perhaps,  a  single  pump.  There  are,  how- 
ever, cases  where  pumps  can  be  worked  economically  by  wire  ropes, 
especially  if  they  are  connected  with  the  pump-rods  in  the  shaft,  or 
are  otherwise  apart  from  the  haulage  arrangements. 

The  transmission  of  power  by  rods  is  described  in  the  chapter  on 
pumping,  and  need  not  be  referred  to  here;  the  transmission  of 
power  by  ropes  in  the  case  of  haulage  is  also  fully  described  imder 
that  heading. 

Steam  is  used  direct  at  a  great  many  collieries  for  underground 
work,  such  as  for  driving  pumps,  haulage  engines,  etc.,  and  if  the 
distance  is  not  too  great,  it  is  probably  one  of  the  cheapest 
and  easiest  methods  of  transmitting  power.  The  maximum  distance 
to  which  steam  can  be  carried  underground  and  applied  with 
economy  would  seem  to  be  about  one  mile,  and  the  total  loss  of 
power  at  this  distance  may  not  exceed  20  to  25  per  cent,  if  the 
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pipes  are  carefully  covered  by  a  good  non-conducting  material,  and  the 
plant  to  be  operated  on  continuously  worked  so  as  to  keep  the  pipes 
full  of  steam. 

*At  Niddrie  Colliery,  near  Edinburgh,  steam  is  carried  down  a 
steep  gradient,  the  inclination  varying  from  55'  to  75**,  for  a  distance 
of  3000  ft.  to  work  winding  and  haiding  engines  and  piunps  placed 
at  various  parts  of  the  workings.  With  a  steam  pressure  at 
the  surface  of  45  lbs.  per  sq.  in.,  the  gauges  in  the  mine  recorded 
from  41  to  42  lbs.  per  sq.  in.,  or  a  loss  of  only  3  to  4  lbs.,  which 
is  an  exceedingly  small  percentage  of  loss  when  the  distance 
the  steam  is  carried  is  taken  into  account.  But  while  the  loss  in 
pressure  was  small,  the  loss  in  other  ways  was  shown  to  be  fairly 
large,  owing,  no  doubt,  to  the  intermittent  working  of  the  haulage 
and  winding  engines.  There  are  twelve  boilers,  one  or  two  of 
which  are,  however,  always  off  for  repairs,  cleaning,  etc.  When  the 
whole  colliery  operations  are  proceeding,  3400  gallons  of  water  are 
evaporated  per  hour.  When  all  the  machinery  is  idle,  but  steam  is 
on,  with  cylinders  and  steam  pipes  and  the  relief-valves  open,  it 
requires  1028  gallons  of  water  per  hour  to  maintain  the  steam- 
pressure  and  keep  the  water  in  the  boilers  up  to  a  fixed  point.  This 
shows  a  dead  loss  of  30  per  cent.,  and  most  of  this  loss  takes  place  in 
the  underground  piping  and  machinery. 

The  greatest  source  of  loss  in  conveying  steam  to  undergroimd 
workings  is  due  to  condensation,  and  to  minimise  this,  high-pressure 
steam  should  be  used  in  supply  pipes  of  small  bore.  At  Bockwa 
Colliery,  Germany,  the  pumping  engine  is  placed  at  a  depth  of  590 
feet  from  the  surface,  and  is  designed  to  raise  3300  gallons  per 
minute.  The  steam  pressure  generated  at  the  boilers  on  the  surface 
is  150  lbs.  per  sq.  in.,  the  steam  being  conveyed  to  the  engines 
in  two  columns  of  wrought-iron  pipes  each  4  in.  diameter.  These 
pipes  are  jacketed  with  a  preparation  composed  of  cork,  bound  round 
with  zinc  wire,  and  coated  with  gypsum,  jute,  and  asphalte,  and 
an  outside  sheathing  of  canvas,  painted  with  Stockholm  tar.  In 
this  way  the  loss  by  condensation  is  said  to  be  reduced  to  a 
minimum. 

The  steam  pipes  should  be  carefully  fixed  in  the  shaft  and  properly 
guided,  the  pipes  being  led  between  two  rollers,  which  are  more 
suitable  than  rigid  guides.  Some  arrangement  should  also  be  made 
to  cut  off  steam  by  an  automatic  runaway  valve,  in  the  event  of  a 
pipe  bursting,  as  serious  danger  would  result  from  the  escaping  of  a 
large  volmne  of  steam  into  the  workings  before  the  supply  could 
be  shut  off  from  the  boilers  at  the  surface.  Great  care  should  also 
be  taken  in  making  the  connections,  as  leaking  joints  are  a  source  of 
much  loss  of  power  and  often  of  danger.  Joints  made  with  asbestos 
rings  are  preferable  to  those  made  with  india-rubber. 

*  Traits,  1.  M,  E.,  vol.  xv.  p.  264. 
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The  disadvantages  attending  the  employment  of  steam  under- 
ground are : — 

(1)  Loss  of  pressure  due  to  condensation  and  leaking  joints. 

(2)  The  danger  which  may  attend  the  sudden  bursting  of  a  pipe 

in  the  workings  or  the  blowing  out  of  a  joint. 

(3)  The  discomfort  from  the  heat  due  to  the  great  increase  in 

temperature  of  the  air  in  the  mhie,  which  is  particularly 
noticeable  in  narrow,  confined  roads. 

(4)  The  bad  effects  of  the  moisture,  due  to  the  steam,  on  the  roof 

and  timber. 

(5)  The  difficulty  of  dealing  with  the  exhaust  steam,  particularly 

if  the  engine  to  be  operated  is  situated  at  a  long  distance 
from  the  shaft. 

(6)  The  danger  of  fire  when  pipes  are  led  in  confined  places. 

Compressed  Air. — As  a  medium  for  the  transmission  of  power  to 
machinery  in  underground  workings,  compressed  air  is  very  suitable. 
The  ease  with  which  it  can  be  conveyed  to  distant  parts  of  the 
workings,  the  absence  of  heat  in  the  pipes,  and  the  beneficial  effect 
it  exerts  on  the  ventilation,  make  it  invaluable  for  certain  classes  of 
work,  such  as  driving  coal-cutting  machines,  rock  drills,  hauling 
engines,  and  pumps ;  indeed,  for  coal  cutters  and  rock  drills  no  other 
motive  power  presents  anything  like  the  same  advantages.  Owing, 
probably,  to  the  large  first  cost  for  compressing  machinery,  and  the 
low  efficiency  obtainable — 25  to  40  per  cent.-  -it  has  never  been 
used  to  the  extent  it  might  otherwise  have  been  had  the  efficiency 
been  higher,  because  once  the  plant  is  put  down,  the  working 
expenses  are  not  excessive  compared  with  an  ordinary  steam  engine. 

The  cost  of  a  compressed  air  plant,  with  coupled  horizontal  steam 
cylinders  22  in.  diameter  and  3  ft.  stroke,  and  air  cylinders  24  in. 
diameter  and  3  ft.  stroke,  with  steam  boilei-s,  air-receiver,  main  pipes, 
etc.,  complete,  should  not  be  more  than  £3000  or  £3500,  which 
would  include  its  erection  and  preparing  foundations. 

Air  compressors  are  simply  force  pumps  in  which  the  air  is  drawn 
into  the  air  cylinder  by  an  inlet  valve,  and  is  compressed  and  forced 
through  an  outlet  valve  into  an  air  receiver,  from  which  the  supply 
is  drawn  for  the  underground  workings. 

The  usual  arrangement  is  to  have  a  pair  of  steam  cylinders 
placed  horizontally  and  coupled  direct,  with  a  fly-wheel  in  the  centre. 
The  piston-rods  are  continued  through  the  cylinder,  and  connected 
to  two  air  cylinders  also  placed  horizontally  and  in  a  direct  line  with 
the  steam  cylinders. 

Compressors  are  usually  of  three  classes:  (1)  Dry  compressors. 
(2)  Wet  compressors.     (3)  Injection  or  spray  compressors. 

/)/7/  compressors, — These  are  extensively  used  for  colliery  work, 
and  give  fairly  good  results  if  fitted  with  a  water  jacket  and  if  the 
air  pressure  is  not  too  high.     A  dry  air  compressor  in  its  simplest 
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form  consists  of  an  ordinary  cylinder  provided  with  a  tight-fitting 
piston  and  suitable  valves  for  admitting  and  delivering  the  air. 

During  the  out-stroke  of  the  piston,  air  rushes  in  and  fills  the 
cylinder  through  the  valves ;  as  soon  as  the  piston  commences  the 
return  stroke,  the  valves  close  and  the  air  in  the  cylinder  is  com- 
pressed until  it  lifts  the  delivery  valves,  when  it  is  forced  out  of  the 
cylinder  into  the  receiver.  It  will  be  seen  from  this  that  the  action 
is  exactly  the  same  as  in  an  ordinary  piunp.  In  Fowler's  dry  com- 
pressor air  enters  through  the  inlet  valves  as  the  piston  moves 
forward,  then  on  the  return  stroke  the  air  is  delivered  through  the 
outlet  valves,  the  cylinder  being  surrounded  by  a  water  jacket  to 
keep  it  cool. 

Another  dry  compressor  of  a  quite  different  design  is  the  Ingersoll- 
Sergeant  compressor.  The  air  does  not  enter  the  cylinder  in  the 
ordinary  way,  but  first  passes  through  a  hollow  tail-rod,  the  inlet 
valves  being  placed  inside  the  piston.  The  outlet  valves  are  placed 
at  the  ends  of  the  cylinder,  while  a  water  jacket  surrounds  the 
cylinder,  being  kept  cool  by  a  continuous  flow  of  cold  water. 

The  advantages  claimed  for  this  compressor  are : — 

(1)  The   air  may  be   taken   from   whatever  point   is   the   most 

favourable  in  its  dryness,  reduced  temperature  and  freedom 
from  dust. 

(2)  The  admission  of  air  being   through  a  single  tube  creates 

a  constant  and  uniform  draught  of  air  in  one  direction 
only,  thus  filling  the  cylinder  at  each  stroke  with  air  at 
atmospheric  pressure. 

(3)  The  construction  of  the  valves  admits  of  a  large  area  of  inlet 

with  but  a  small  throw  of  valve,  allowing  the  compressor 
to  be  run  at  a  high  speed. 

(4)  There  being  no  inlet  valves  in  the  ends  of  the  air  cylinders, 

the  space  otherwise  occupied  by  these  valves  is  filled  with 
cold  water,  thus  presenting  a  cooling  surface  to  the  com- 
pressed air  near  the  end  of  the  stroke  when  the  air  is 
hottest. 

Wet  Compressors. — Wet  compressors  are  used  to  a  considerable 
extent,  but  in  this  type  of  compressor  a  large  volume  of  water  has  to 
be  put  in  motion  at  each  stroke,  which  absorbs  a  large  amount  of 
power  without  giving  any  recompense,  and  the  engines  must  also 
move  at  a  very  slow  speed,  hence  large  engines  involving  increased 
expenditure  must  be  used^  which  is  prejudicial  to  the  extended 
application  of  this  type  of  compressor.  Moreover,  the  column  of 
water  in  the  cylinder,  by  repeatedly  moving  backwards  and  forwards, 
soon  gets  hot,  and  loses  the  advantages  which  it  is  meant  to  confer, 
namely,  to  cool  the  air  in  the  cylinder  during  compression.  Where 
large  engines  are  available,  and  only  require  to  move  at  a  slow  speed, 
wet  compressors  may  be  used  sometimes  with  advantage. 
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Sprit, 


Fig.  103. — Spray  compressor. 


Injection  or  Spray  Compressors, — Instead  of  using  a  solid  column 
of  water  inside  the  cylinder  to  absorb  the  heat  from  the  air,  a 
supply  of  water  in  the  form  of  fine  spray  is  injected  into  the 
cylinder.  This  cools  the  air,  which  is  now  carried  forward  into  the 
receiver.  In  the  Dubois-Francois  compressor  the  spray  and  wet 
compressor  are  combined.  Fig.  103  shows  a  section  of  this  machine. 
It  consists  of  an  ordinary  pump  having  large  chambers,  a  a,  at  each 
end  of  the  cylinder.  The  air  is  admitted  through  the  inlet  valves  c  c, 
and  delivered  through  the  outlet  valves  e  e.  A  fine  spray  of  water  is 
injected  into  the  cylinder  through  the  small  pipe  d,  which  comes  in 
contact  with  the  air 
and  cools  it.  This 
type  of  compressor, 
like  the  ordinary  wet 
machine,  requires  to 
be  operated  at  a  low 
speed,  less  than  150 
ft.  per  minute,  which 
means  that  the  com- 
pressor must  be  large 
for  a  given  output  of 
air.  Dry  compressors 
are  usually  operated 
at  a  speed  of  350  to 
500  ft.  per  minute,  hence  the  preference  shown  for  this  type  of 
machine.  The  introduction  of  water  into  the  cylinder  in  any  form 
is  at  best  a  very  defective  method  of  cooling  the  air,  and  often  does 
more  harm  than  good,  as  the  water  may  corrode  the  walls  of  the 
cylinder. 

The  best  method  of  cooling  the  air  is  that  of  stage  compression  with 
intermediate  cooling.  Compressors  made  on  this  principle  are 
usually  either  single-  or  double-stage  compressors ;  double -stage 
compressors  are,  however,  only  used  where  great  economy  is 
required,  and  where  the  power  generated  is  above  150  horse-power. 
In  this  system  the  air  is  first  subjected  to  low  pressure  in  one 
cylinder,  passed  through  an  intermediate  cooler,  and  thence  to  a 
second  cylinder,  where  it  is  then  compressed  to  a  higher  degree. 
The  initial  cost  of  either  double-stage  or  triple-stage  compressors  is 
very  much  greater  than  for  ordinary  compressing  machinery,  and 
stage  compression  is  only  suited  for  the  production  of  pressures 
above  60  lbs.  per  sq.  in.  In  such  circumstances  a  great  saving  may 
be  effected,  as  by  stage  compression  20  to  25  per  cent,  higher 
eflficiency  will  be  obtained  than  by  ordinary  methods  of  compressing 
air.  In  an  installation  at  Paris,  Professor  Reidler  combined  stage 
compressing  with  spray  injectors,  which  resulted  in  saving  two-thirds 
to  three-fourths  of  the  work  expended  in  uselessly  heating  the  air, 
the  loss  due  to  heating  only  amounting  to  12  per  cent.     The  Reidler 
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two-stage  compressor  in  this  case  gave  a  useful  effect  of  77  per  cent., 
allowing  0*85  as  the  mechanical  efficiency.  With  stage  compression 
the  engines  can  be  worked  at  a  much  higher  speed  as  they  are  better 
balanced. 

Valves  for  Compressors. — A  great  many  different  types  of  valves 
are  used  in  air  cylinders,  each  claiming  some  merits  of  its  own. 

In  the  earlier  types  of  compressors  ordinary  leather  flap  valves 
were  used,  but  these  did  not  give  the  best  results,  owing  to  the  large 
amount  of  leakage  they  permitted.  A  common  type  of  valve  that  is 
still  used  to  a  large  extent  is  the  mushroom  valve,  fitted  to  a  spindle 
and  kept  up  to  its  seat  by  means  of  springs.     Fig.  104  shows  this 

type.  These  valves  are 
opened  automatically  by 
the  pressure  of  the  air 
against  the  action  of  the 
springs,  which  must  be 
of  sufficient  strength 
to  close  them  against 
currents  of  air  imping- 
ing on  them.  They  are 
often  difficult  to  keep 
in  proper  adjustment. 
If  they  are  heavy,  the 
springs  must  help  to 
overcome  their  inertia ; 
the  latter  are  apt  to  get 
slack  themselves  through  wear,  and  the  valves  then  oscillate  violently 
when  they  are  open,  which  not  only  restricts  the  area  of  opening,  but 
destroys  them  speedily  together  with  the  seats.  Again,  if  the  springs 
are  too  tight  undue  resistance  is  offered  to  the  passage  of  the  air 
when  passing  into  the  compressor,  and  this  resistance  is,  of  course, 
a  dead  loss  of  energy.  This  loss  can  be  overcome  to  a  certain  extent 
by  using  valves  of  large  area  in  order  to  keep  the  velocity  of  the  air, 
while  passing  through  them,  as  low  as  possible. 

Reidler  Valve, —-In  this  valve  no  springs  are  used,  the  valves 
being  operated  by  mechanical  methods,  and  driven  off  the  steam 
cylinder.  A  cam  is  fastened  to  the  wrist-plate  of  the  steam  cylinder, 
and  moves  the  rod  attached  to  the  air-valve  gear  by  means  of  two 
steel  rollers.  Like  the  valves  in  the  Reidler  pump,  these  air  valves 
are  only  closed  mechanically.  By  using  these  valves  the  compressors 
may  be  driven  at  a  very  high  speed,  without  injury  to  the  valves, 
and  no  violent  oscillation  takes  place,  as  in  the  mushroom  type. 

Losses  in  Compressing  Air. — As  already  stated,  only  a  very  low 
efficiency  is  obtained  by  air-compressing  machinery,  and  the  various 
losses  may  be  accounted  for  as  follows  : — 

(1)  Heating  of  air  during  compression  and  cooling  of  compressor. 

(2)  Loss  due  to  air  in  clearance  space  in  the  cylinder. 


Fig,  104. — Mushroom  valve. 
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(3)  Leakage  at  valves  and  piston. 

(4)  Resistance  of  air  in  passing  through  inlet  and  delivery  valves. 

(5)  Loss  due  to  friction  in  conveying  the  air  from  the  receiver  in 

pipes  to  the  point  of  application  underground,  and  also  the 
friction  of  the  air  engine  itself. 

The  two  largest  sources  of  loss  are  those  due  to  heat  and  friction. 
The  first  often  absorbs  about  25  per  cent,  of  the  fuel  expended,  and 
the  second  about  20  per  cent.,  the  other  losses  being  comparatively 
trifling  compared  to  these.  The  loss  due  to  heating  will  be  readily 
understood  from  the  fact  that  air,  like  any  other  gas,  will  expand 
when  heated  according  to  Charles's  law ;  so  that  with  the  increase 
of  volume  due  to  the  rise  in  temperature  there  will  also  be  increased 
resistance  to  compression.  To  overcome  heating  during  compres- 
sions the  following  remedies,  among  others,  have  been  suggested : — 

(a)  To  place  the  air  and  steam  cylinders  as  widely  apart  as  possible, 

so  as  to  prevent  the  compressor  being  heated  by  the  steam 
cylinder. 

(b)  To  place  the  compressing  cylinders  outside  the  engine-house, 

and  simply  protect  them  by  a  shed. 
((•/)  The  air,  before  being  admitted  to  compressor,  should  be  reduced 
to  zero  by  some  freezing  mixture. 

Lo88  by  Clearance, — In  all  cylinders  a  certain  space  must  be  left 
at  each  end  of  the  stroke  between  the  piston  and  the  end  of  the 
cylinder,  and  the  greater  this  clearance  the  larger  will  be  the  loss  in 
efficiency.  When  the  piston  reaches  the  end  of  its  stroke,  the  air 
which  is  entrapped  in  this  space  is  compressed  to  a  very  high  degree. 
As  soon  as  the  piston  commences  the  return  stroke,  this  air  will 
begin  to  expand,  but  the  inlet  valves  will  remain  closed  until  its 
pressure  has  become  reduced  below  that  of  the  atmosphere,  i.e.,  the 
pressure  of  the  air  in  the  cylinder  must  be  less  than  the  pressure  of 
the  air  outside  of  it  before  the  suction  valves  will  open. 

To  reduce  loss  from  this  source  the  clearance  space  should  be  as 
small  as  possible,  or  mechanical  contrivances  must  be  adopted. 

One  of  the  latter  is  to  construct  a  *  trick'  passage  in  the  slide 
valve  of  a  slide  valve  compressor,  so  that  the  air  imprisoned  in 
front  of  the  piston  can  escape  to  the  back  of  the  piston  and  expand 
freely.  The  same  object  is  obtained  by  having  a  pass-by  groove  at 
each  end  of  the  cylinder  so  arranged  that  when  the  piston  reaches 
the  end  of  its  stroke,  the  air  entrapped  will  pass  to  the  other  side  of 
the  piston,  which  allows  the  suction  valves  to  open  as  soon  as  the 
piston  begins  the  return  stroke.  In  this  way  the  loss  due  to  clear- 
ance is  reduced  to  a  minimum,  and  no  danger  is  incurred  of  damaging 
the  cylinder  covers. 

All  leaks  in  compressors,  receivers  or  pipes  should,  for  the  sake 
of  economy,  be  strictly  guarded  against.     Air  leaks  cause  greater 
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losses  than  steam  leakage,  and  therefore  no  leakage  should  be  allowed 
unless  it  is  required  to  ventilate  some  place  in  the  workings.  Air  at 
a  pressure  of  60  lbs.  per  sq.  in.  will  issue  with  a  velocity  of  500  ft. 
per  second.  The  great  waste  of  power  through  leakage  is  therefore 
obvious. 

All  irregularities  or  quick  bends  should  also  be  avoided  as  much 
as  possible,  as  these  materially  increase  the  friction. 

One  great  source  of  loss  from  friction  is  that  due  to  the  machinery. 
As  already  pointed  out,  it  often  amounts  to  25  per  cent,  or  30  pei* 
cent.,  but  in  well  designed  plant  it  may  be  no  greater  than  12  or 
15  per  cent. 

The  only  way  to  reduce  this  loss,  is  to  secure  accurate  workman- 
ship, well  designed  machinery  and  efficient  methods  of  lubrication. 

High  efficiency  is  often  not  all  that  is  desirable,  for  if  complex 
machinery  has  to  be  introduced,  and  skilled  attention  is  required, 
then  the  benefit  arising  from  increased  efficiency  may  be  more  than 
coimterbalanced  by  increased  costs.  What  is  wanted  for  mining 
purposes,  is  a  compressing  plant,  simple  in  construction,  with  a  low 
first  cost,  not  easily  put  out  of  order,  and  yielding  fairly  efficient 
results. 

Motors. — Other  sources  of  loss  are  due  to  friction  and  leakage  at 
the  motor.  Tha  formation  of  ice  in  the  latter  and  in  the  exhaust 
pipes  is  a  difficulty  that  is  nearly  always  encountered  in  using 
compressed  air.  The  air,  which  always  contains  a  certain  amoimt  of 
moisture  when  it  reaches  the  motor,  will  be  at  about  the  same 
temperature  as  the  atmosphere,  and  when  it  enters,  and  is  allowed  to 
expand,  the  temperature  will  fall  to  such  an  extent  that  the  moisture 
will  immediately  freeze.  To  obviate  this,  the  exhaust  passages  should 
be  made  as  large  and  straight  as  possible.  Reheating  the  air  would 
also  overcome  this  difficulty,  but  this  is  not  practicable  imder- 
ground. 

Losses  due  to  Leakage  at  Valves  and  Piston. — Losses  of  com- 
pressed air  through  valves  and  piston  are  often  obstinate,  owing  to 
the  difficulty  of  keeping  the  valves  in  proper  adjustment,  for,  as 
already  stated,  the  inlet  valves  may  be  set  too  tight  and  cause  undue 
resistance  to  the  air  entering  the  cylinder. 

To  avoid  this,  larger  valves  should  be  used.  If  they  are  badly 
constructed,  the  presence  of  the  air  in  the  cylinder  is  often  9  or  10 
lbs,  higher  than  the  pressure  in  the  receiver,  and,  as  a  consequence, 
extra  work  has  to  be  done  to  deliver  the  air  against  this  increased 
pressure. 

The  leakage  at  the  piston  in  air  cylinders  is  often  a  serious  loss. 
The  moisture  from  the  steam  in  a  steam  cylinder  helps  to  keep  joints 
tight^  but  with  dry  air  there  is  no  assistance  obtained  in  this  Wiay. 
The  only  remedy  for  this  defect  is  to  provide  the  best  workmanship 
in  cylinders,  and  have  the  pistons  finished  to  fit  as  truly  as  possible. 

Loss  due  to  Friction  in  Pipes. — In  all  liquids  or  gases  delivered 
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through  pipes,  there  is  a  certain  amount  of  friction  between  the  fluids 
and  the  walk  of  the  pipes. 

The  loss  owing  to  this  friction  will  vary  according  to  diameter  of 
the  pipes  used,  the  pressure  in  them,  irregularities,  and  the  number 
of  bends  present,  etc. 

The  size  of  pipes  used  should  be  as  large  as  can  conveniently  be 
adopted,  as  this  will  tend  to  reduce  the  friction.  In  a  column 
of  pipes  1000  ft.  long  and  3  in.  diameter,  if  the  air  has  a  velocity  of 
386  cubic  ft.  per  minute,  and  a  pressure  of  60  lbs.  per  sq.  in.,  the 
loss  due  to  friction  would  be  3J  lbs.  In  6-in.  diameter  pipes  of  the 
same  length  and  with  the  same  pressure,  the  loss  from  friction  would 
only  amount  to  about  ^  lb. 

The  table  on  p.  106  shows  the  loss  of  pressure  through  friction  in 
pipes  of  different  diameters  calcidated  for  1000  ft.  of  each  pipe  length. 

The  advantages  of  compressed  air  may  be  briefly  stated  as  follows : — 

(1)  Compressed  air  being  generated  at  the  surface  is  under  the 

direct  superintendence  of  the  engineman. 

(2)  It  produces  no  increase  in  the  temperature  of  the  air  in  the 

workings,  as  is  the  case  when  steam  is  used. 

(3)  There  is  not  the  same  difficulty  of  dealing  with  the  exhaust  as 

there  is  with  steam. 

(4)  The  exhaust  air  assists  in  the  ventilation,  and  can  even  be 

used  for  ventilating  in  cases  of  emergency. 

(5)  It  can  be  easily  applied  to  almost  every  kind  of  undergroimd 

machinery,   such    as    rock    drills,   coal-cutting    machines, 
pumping  and  hauling  engines,  etc. 

Electricity. — During  the  last  few  years  a  great  increase  has  taken 
place  in  the  application  of  electricity  as  a  motive  power,  and  it  is 
growing  in  favour  for  certain  classes  of  work. 

The  two  principal  purposes  for  which  it  is  adopted,  and  in  which 
it  has  been  most  successful,  are  haulage  and  pumping,  and  for  such 
work  it  undoubtedly  has  many  advantages  over  other  motive  agents, 
such  as  con^ressed  air  or  steam. 

So  far  as  results  are  obtainable,  electricity  does  not  seem  to  be 
very  much  cheaper,  if,  indeed,  in  many  cases  as  cheap  as  steam  used 
direct.  It  must  also  be  borne  in  mind  that  there  are  certain  dangers 
connected  with  the  use  of  electricity  which  have  not  yet  been  over- 
come, and  which  still  prevent  its  extensive  use  in  a  large  number  of 
mines.  Electricity  is  capable  of  giving  rise  to  a  fire,  and  there  is 
always  the  danger  of  an  explosion  from  *  sparking '  in  a  fiery  mine. 

There  are,  however,  a  large  number  of  mines  where  these  con- 
ditions do  not  exist  and  where  fire-damp  is  only  given  off  in  small 
quantities  which  do  not  constitute  any  danger;  in  such  mines, 
electricity  may  be  used  with  the  greatest  advantage,  economically 
and  otherwise.  The  danger  of  explosion  in  fiery  mines  arises  in  two 
ways,  viz.,  by  *  sparking '  at  the  motor,  and  by  what  is  called  *  short- 
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circuiting'  of  the  cables,  that  is,  by  faulty  insulation,  or  by  the 
breakage  of  the  cable  by  a  fall  from  the  roof  or  some  other  cause. 

The  danger  from  short-circuiting  may  be  minimised  in  several  ways, 
such  as  (1)  by  armouring  the  cables  with  galvanised  iron  wire  or 
ribbon,  or  with  lead  covering,  (2)  or  by  burying  them  in  trenches  in 
the  way  that  is  adopted  for  town  supply  cables,  and  (3)  by  using 
concentric  safety  cables. 

Armouring  the  cables  can  only  be  carried  out  to  a  certain  extent, 
as  the  non-flexibility  of  armoured  cable  renders  it  unsuitable  for 
carrying  close  to  the  machine  or  motor.  Burying  the  cables  can 
only  be  resorted  to  in  the  main  roads,  as  loose  cables  are  required  at 
the  machine  for  convenience  in  working ;  and,  besides,  the  plan  is  not 
to  be  recommended  even  for  main  roads,  particularly  in  wet  workings, 
as  the  damp  will  soon  attack  and  destroy  the  insulating  material,  and 
occasion  a  loss  of  current  which  it  would  be  difficult  to  detect. 

Safety  or  concentric  cables  which  are  used  to  obviate  the  danger 
arising  from  short-circuiting  are  constructed  by  specially  arranged 
cables,  the  inner  portion  being  thoroughly  insulated,  and  the  outer 
luiinsulated  but  protected  by  armouring. 

If  the  cable  gets  broken  owing  to  an  accident,  short-circuiting 
ensues,  and  this  causes  sufl&cient  amount  of  current  to  pass  to  the 
switch  at  the  generator,  and  automatically  cut  off  the  main  current. 

Sparking  at  the  motor  may  be,  to  a  certain  extent,  overcome  by 
enclosing  the  brushes,  commutator,  and  armature  in  an  air-tight 
metal  casing,  connected  to  earth,  and,  if  possible,  so  arranged  that 
the  brushes  are  removable  with  the  cover. 

Electricity  has,  in  England  and  Scotland,  been  chiefly  applied  to 
the  operations  of  hauling  and  pumping.  In  America,  however,  it  has 
also  been  used  for  coal-cutting  machines,  rock  drills,  and  winding. 

Quite  recently  a  winding  plant  of  300  horse-power  was  sent  out 
and  erected  at  the  De  Beers  mines  at  Kimberley  in  South  Africa, 
and  is  said  to  be  giving  good  results. 

Compared  with  compressed  air  there  can  be  no  doubt  that  elec- 
tricity gives  a  very  much  higher  efficiency,  often  as  much  as  30  per 
cent.  more.  The  efficiency  of  electrical  machinery  may  vary  from  40 
to  60  per  cent.  In  a  paper  read  by  Mr  Robertson,  before  the  Insti- 
tution of  Civil  Engineers,  he  states  that  an  efficiency  of  50  per  cent, 
was  obtained  from  the  electrical  haulage  plant  recently  erected  at 
Eamock  Colliery,  Hamilton.  Comparing  the  indicated  horse-power 
of  the  engine  with  the  power  developed  on  the  hauling  ropes  the 
were : — 

Per  cent. 

In  engine, 22  00 

,,  belt  and  dynamo,    .  .         8*00 

.,  cable, 12*50 

,,  motor  and  gear,      .         .        .         7*50 

Total  loss,         .        .       50-00 
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At  Haden  Hill  Colliery  the  electrical  haulage  plant  gave  59  per 
cent,  efficiency,  the  losses  being : — 

Per  cent. 

In  dynamo, 9 '00 

,,  cable, 8-00 

„  motor, 9-00 

,,  gearing, 15*00 

Total  loss,        .         .     41-00 


Another  instance  may,  however,  be  given,  where  the  tests  made  on 
a  hauling  plant  gave  an  efficiency  of  71  per  cent. 


Tests  of  Havling  Engines, 


Distance  of  engine  to  hauling  motor,   . 

1400  yards 

Energy  imparted  to  dynamo,        .... 

22  H.  P. 

Work  done  by  dynamo, 

19*8     „ 

Loss  of  energy  in  dynamo, 

2-4     „ 

„               „     cables, 

2-6     „ 

Energy  imparted  to  motor, 

17-2    „ 

Loss  of  energy  in  motor, 

1-5     ,, 

Work  expended  in  raising  coals  and  tub^,    . 

12-1     „ 

„           ,,        friction  of  moving  tubs,  . 

1*3    ,, 

„           „        haulage,  gearing,  and  ropes,    . 

.       2-3     „ 

The  speed  of  the  rope  in  this  case  was  3  miles  per  hour,  and  the 
total  efficiency  was  7 1  '3  per  cent.,  which  is  a  very  satisfactory  result. 

Comparing  also  the  first  cost  of  an  installation  of  compressed  air 
and  electricity  respectively,  the  latter  is  the  cheaper. 

As  a  general  rule  an  air-compressing  plant  will  cost  20  per  cent,  to 
30  per  cent,  more  than  an  electrical  plant  capable  of  performing  the 
same  amount  of  work,  while  the  cost  of  operating  the  latter  is  7  J  per 
cent,  to  10  per  cent,  less  than  that  of  operating  a  compressed  air 
installation  of  the  same  power. 

*  Mr  J.  T.  Forgie,  in  a  paper  read  before  the  Mining  Institute  of 
Scotland,  gives  the  following  detailed  costs  of  an  electrical  haulage 
plant  erected  at  Dumbreck  Colliery,  Kilsyth  : — 

Generating  engine  20  in.  diam.  by  30  in.  stroke  complete, 

1  dynamo,  50  horse-power, 

2  motors,  20  horse-power  each, 
1760  feet  of  19/17  cable,    . 
Instruments,  switches,  etc.. 
Labour,  packing,  caiTiage,  etc., 
2  underground  haulage  arrangements, 

Total  cost,        ....  £1785  15    0 


£300 

0 

0 

374 

0 

0 

440 

0 

0 

93 

0 

0 

81 

10 

0 

97 

5 

0 

400 

0 

0 

*  Trans.  Inst,  Min,  Eng.y  vol.  vii.  p  129. 
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The  cost  of  a  compressed  air  plant  to  do  the  same  work  may  ap- 
proximately be  shown  as  follows : — 

Steam  engine,  air  cylinders,  valves,  etc.,  .         .         .         .£1200    0  0 

1750  feet  air  pipes  6  in.  diameter, 180  16  0 

2  air  receivers, 70     0  0 

2  haulage  arrangements, 400    0  0 

Labour  in  fixing  pipes,  etc., 100     0  0 

Sundries, 200    0  0 

Total  cost,        ....  £2150  16  0 


Showing  a  difference  in  first  cost  of  i£365,  Is.  in  favour  of  the 
electrical  plant,  or  approximately  a  saving  of  23  per  cent. 

Pumping. — To  no  branch  of  mining  has  electricity  been  more 
successfully  applied  than  that  of  pumping,  and  there  can  be  no  doubt 
of  its  suitability  for  such  purposes,  owing  to  the  small  space  occupied 
by  the  driving  motor  compared  with  a  steam  engine,  and  by  cable 
compared  with  steam  or  air  pipes,  together  with  the  case  with  which 
the  former  may  be  carried  to  any  part  of  the  workings. 

The  cost  of  the  cable  will  be  only  about  one-half  that  of  pipes. 

Electrical  pumping  installations  differ  very  widely  in  efficiency,  a 
great  deal  depending  on  the  suitability  of  the  motor  for  the  class  of 
work  required. 

In  a  paper  read  before  the  Institution  of  Civil  Engineers  by  L.  B. 
and  C,  W.  Atkinson,  describing  an  electrical  pumping  plant,  the  gross 
efficiency  was  given  at  49  per  cent.,  the  generating  engine  being  placed 
1200  yds.  distant  from  the  pumps.  Comparing  the  indicated  horse- 
power of  the  engine,  which  was  31*75,  with  the  volume  of  water 
delivered,  the  losses  are  found  to  be  distributed  as  follows: — 

Per  cent. 
Loss  in  generating  engine  and  in  belts,        .        .       31  '50 

„     dynamo, 6*05 

,,     cable, 5 -36 

,,     motor, 4*72 

,,     pump  and  gear,        .  .        .        .         3*15 

Totelloss,        ....       50-78 

A  very  large  installation  of  electrical  pumping  plant  has  recently 
been  put  down  at  Amiston  Colliery,  near  Edinburgh,  the  following 
particulars  concerning  which  may  be  of  interest. 

Gore  Pit — One  set  of  three-throw  pumps,  rams  11  in.  diameter  by 
18  in.  stroke,  to  deliver  500  gallons  per  minute,  against  a  head  of 
678  ft.,  at  an  approximate  speed  of  30  revolutions  per  minute. 

Emily  Pit, — One  set  of  pumps  exactly  similar  to  the  above,  to 
deliver  500  gallons  per  minute  against  a  head  of  250  ft.  through 
3175  ft.  of  cast-iron  pipes  10  in.  diameter.  Three  sets  of  pumps, 
6  in.  diameter  by  9  in.  stroke  in  the  dook,  each  set  delivering  100 
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gallons  per  minute  against  a  head  of  450  ft  These  pumps  deliver 
through  1200  ft.  of  cast-iron  pipes  6  in.  diameter. 

Motors, — For  driving  the  large  high-lift  pump,  which  delivers  500 
gallons  against  a  head  of  678  ft.,  two  80  horse-power  motors  are  used 
with  an  approximate  speed  of  450  revolutions  per  minute. 

The  second  sot  of  pumps  in  the  Emily  Pit  are  driven  by  a  single 
motor  of  80  horse-power,  at  a  speed  of  450  revolutions  per  minute. 

The  three  sets  of  pumps  in  the  dip  workings  are  driven  by  a  motor 
giving  25  effective  horse-power  at  a  speed  of  250  revolutions  per 
minute.  The  total  cost  of  plant,  exclusive  of  the  power  stations, 
was  £12,000. 

Generating  Plant. — The  power  was  furnished  by  two  compound 
horizontal  engines,  having  cylinders  16f  in.  and  26 J  in.  diameter  by 
36  in.  stroke  each,  and  working  at  a  speed  of  84  revolutions  per 
minute.  Each  engine  is  capable  of  developing  350  horse-power,  with 
a  steam  pressure  of  120  lbs.  per  sq.  in. 

Dynamos. — There  are  two  dynamos,  fitted  with  drum  armatures, 
each  dynamo  being  constructed  to  yield  the  following : — 

Total  Watts, 200,000 

Amperes, 363 

Volts, 550 

Approximate  revolutions  per  minute,   .         .  400 

The  working  of  this  large  and  expensive  installation  will  be 
watched  with  much  interest  by  those  engaged  in  mining. 

It  should  be  stated  that  no  fire-damp  is  ever  encountered  in  the 
workings,  the  whole  being  worked  with  naked  lights ;  no  danger  is 
therefore  to  be  apprehended  from  gas  explosions. 

One  of  the  great  advantages  claimed  for  the  electrical  transmission 
of  power  is,  that  a  dynamo  or  a  motor  is  self-regulating,  i.e.,  the 
dynamo  only  requires  sufficient  power  to  drive  it,  to  enable  it  to 
accomplish  the  work  which  it  is  called  upon  to  perform,  and  a  motor 
only  requires  current  sufficient  for  the  same  purpose.  It  is  of  the 
greatest  importance  that  the  dynamo  or  motor  should  be  large 
enough  for  the  work.  The  best  results  are  only  obtainable  with  a 
fair  surplus  of  power  in  the  steam  engine.  The  advantages  and  dis- 
advantages of  electricity  as  a  motive  power  may  be  briefly  stated 
thus: — 

Advantages : — 

(1)  The  great  facility  with  which  it  can  be  used  in  any  part  of  the  workings, 

and  a  motor  put  down  wherever  required,  for  diiving  a  pump  or  haulage 
system. 

(2)  The  small  amount  of  space  occupied  by  the  motor,  while,  owing  to  the  high 

speed  at  which  it  works,  a  large  amount  of  power  can  be  applied  from 
quite  a  small  pulley  by  belting. 

(3)  It  does  away  with  the  danger  of  ropes  or  pipes  in  the  shaft,  and  avoids  the 

complication  of  pulleys  and  ropes  at  the  pit-head  and  pit-bottom. 

(4)  Tlie  cables  can  be  readily  fixed  and  taken  round  curves  ;  there  are  no  joints 
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to  be  affected  (as  in  pipes)  by  vibrations  or  shocks,  and  the  space  occu* 
pied  by  conductors  is  very  small. 

(6)  The  surface  plant  can  be  placed  any  distance  from  the  shaft  and  not  neces- 
sarily in  line  with  the  latter. 

(6)  Higher  efficiency  can  be  obtained  than  with  compressed  air  or  steam  when 
used  underground. 

Disadvantages : — 

(1)  The  danger  of  fire,  either  igniting?  fire-damp  or  setting  fire  to  screen-cloth 

or  brattice-wood,  owing  to  sparking  at  the  motor  or  *  short-circuiting ' 
in  the  cables. 

(2)  Electric  machinery  is  easily  damaged  and  thrown  out  of  order,  and  often 

requires  skilled  men  to  repair  it. 

(3)  Its  unsuitability  in  damp  and  dirty  workings,  as  the  cables  and  beltings 

soon  sufifer  injury  under  such  conditions. 

(4)  The  first  cost  is  much  higher  than  for  ordinary  haulage  engines  driven  by 

steam. 

*  The  following  table  shows  the  comparison  in  cost  of  transmitting 
power  by  the  various  systems  in  use  : — 


System  employed. 


Electricity,    . 
Water  pressure, 
Compressed  air. 
Ropes,  , 
Electricity,    . 
Water  pressure. 
Compressed  air. 
Ropes,  , 


330 

1640 

3280 

16,400 

32,810 

65,250 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

Pence. 

Pence. 

Pence. 

Pence. 

Pence. 

Pence. 

1-80 

1-84 

1-94 

2-27 

2-84 

4-61 

2-27 

2-36 

2-61 

4  03 

5-79 

9-57 

3-17 

3-23 

3-33 

4-05 

5-25 

6-39 

1-26 

1-49 

1-58 

2-88 

4-99 

12-68 

0-46 

0-48 

0-53 

0-62 

0-68 

115 

0-46 

0-55 

0-62 

1-33 

3-23 

3-54 

0-72 

0-80 

0-84 

1-21 

1-86 

3-36 

0-25 

0-27 

0-30 

0-80 

1-42 

3-39 

Motor. 


The  cost  as  given  in  the  above  table  is  for  the  transmission  of 
100  horse-power  for  the  distance  tabulated,  from  which  it  would  seem 
that  transmission  by  wire  ropes  is  the  cheaper  up  to  3000  ft.,  and 
electricity  for  longer  distances. 

Electrical  Terms.— T\iq  volume  of  an  electrical  current  is  measured 
in  amperes  in  the  same  way  as  the  speed  of  air  in  pipes  is  measured 
in  cubic  feet  per  minute  or  second,  or  that  of  water  in  gallons  or 
feet  per  second.  The  unit  of  practical  measurement  is,  however,  the 
coulomb,  which  is  the  volume  resulting  from  the  passage  of  1  ampere 
during  one  second.  The  tension  or  pressure  of  an  electrical  current 
is  measured  in  volts,  and  corresponds  to  the  measurement  of  steam 
pressure  by  pounds  per  square  inch. 

The  electrical  horse-power  equals  746  watts.  A  watt  is  the  power 
conveyed  by  a  current  of  1  ampere  at  a  pressure  of  1  volt  in  a  second 
of  time,  or,  in  other  words,  w^hen  a  current  of  1  ampere  passes  through 

*  Trans.  Itist,  C,  Eng. 
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a  resistance  of  1  ohm  in  1  second,  the  resistance  of  any  conductor  to 
the  passage  of  electricity  being  measured  in  ohms. 

The  difference  of  pressure  of  electrical  energy  at  varying  points  is 
usually  spoken  of  as  electro-motive  force  (written  E.M.F.),  and  is 
measured  in  volts. 

Let  E  =  electro-motive  force  in  volts 
y,  R= resistance  in  ohms 
,,  C=the  current  in  coulombs 

then  E=RxC  or  C=|- 

Work  done  in  mechanics  is  usually  measured  in  foot  lbs. 

In  electricity,  however,  the  watt  is  the  unit  of  work  ( —volt  x  amp.). 

H.P.  in  mechanics—  ^^  Ann  =746  watts 

H.P.  in  electricity=   ^^^   ^voltsx  amperes 
^         746  746 

Power  given  out  by  a  current  of  1  ampere  at  a  tension  of  1  volt  —     1  watt 

„  ,,  ,,  2  amperes    „  ,,     2  volts-     4  watts 

10        „        „  „      2    „    -  20 


74-6     „        „  „    10    „    -746 

7-46     „        „  ,,100    „    =746 


-1H.P. 
-IH.P. 


That  is,  a  current  of  74*6  amperes  at  a  tension  of  10  volts,  or  one  of 
7 '4 6  amperes  at  a  tension  of  100  volts  is  equal  to  1  electrical  horse- 
power. 

A  wire  of  a  given  size  will  permit  the  flow  of  a  given  number  of 
amperes  proportional  to  its  diameter.  For  instance,  a  conductor  of 
19  wires,  each  wire  being  16  B.W.G.,  is  suitable  for  the  flow  of 
about  50  amperes  for  a  distance  of  1000  yds.,  with  a  loss  in  the 
conductor  of,  roughly,   10  per  cent.     If  the  voltage  of  the  above 

current  be  500  then  the  horse-power  will  be  =  — ---- —  =  33"5. 

^  746 

For  large  current  and  small  pressure  or  voltage,  large  conductors 
must  be  used,  which  is  expensive.  For  small  current  and  high  volt- 
age, small  conductors  may,  however,  be  employed,  which  is  more 
economical,  although  they  increase  the  danger  arising  from  sparking, 
short  circuits,  etc.  For  undergroimd  work  voltages  exceedling  500 
are  rarely  used,  owing  to  the  danger  of  sparking  and  that  of  shock 
to  men  coming  in  contact  with  the  cables.  For  electric  lighting  pur- 
poses with  incandescent  lamps,  a  voltage  of  50  to  100  volts  is  usually 
employed.  An  incandescent  lamp  of  20  candle-power  at  100  volts 
takes  about  0*6  ampere,  which  =  100  x  6  =  60  watts,  or  3  watts  per 
candle-power. 


CHAPTEE  Vn. 

MODES  OF  WORKING. 

Choice  of  Methods. — The  two  principal  methods  of  working  are 
pillar  and  stall  (stoop  and  room  in  Scotland)  and  longwall,  all  other 
systems  in  vogue  being  simply  modifications  or  combinations  of  these 
two  systems. 

The  method  of  working  any  seam  naturally  depends  on  local 
circumstances  in  each  individual  colliery.  Speaking  generally,  the 
system  adopted  varie§  according  to  the  thickness  of  the  coal.  Seams 
of  4  ft.  and  upwards  are  usually  worked  by  the  pillar  and  stall 
method  ;  and  seams  having  a  thickness  of  less  than  4  ft.  are  usually 
worked  by  longwall. 

There  are,  however,  exceptions  to  this ;  some  seams  above  4  ft  thiol; 
being  worked  by  longwall,  while,  on  the  other  hand,  certain  seams 
below  4  ft.  are  worked  by  pillar  and  stall. 

Besides  the  thickness  of  the  seam,  the  mode  of  working  will  depcn  1 
on  other  circumstances,  such  as : — 

(1)  The  inclination  of  the  strata  and  the  nature  of  roof  and  pavement. 

(2)  The  depth  of  the  seam  from  the  surface. 

(3)  The  chemical  and  physical  properties  of  the  coal. 

(4)  The  natural  cleavage  of  the  coal  and  that  of  the  rocks  forming  the  roof. 

(5)  The  presence  or  absence  of  water. 

(6)  The  vicinity  of  other  seams  or  of  other  workings  which  should  not  be  inter- 

fered with. 

(7)  The  number  of  dykes  and  dislocations  in  the  field  to  be  worked. 

Longwall — In  this  system  the  whole  of  the  mineral  deposit  is 
usually  extracted  in  one  operation.  In  some  cases  a  modification  of 
this  system  is  adopted,  and  pillars  are  left  alongside  the  main  haulage 
roads,  to  help  to  maintain  them,  but  it  is  very  doubtful  if  there  is 
any  advantage  in  doing  so,  as  it  generally  entails  the  loss  of  a  large 
percentage  of  coal,  which  might  otherwise  have  been  got,  and,  as  far 
as  the  security  of  the  road  is  concerned,  it  would  seem,  from  recent 
investigation,  to  do  as  much  harm  as  good. 

The  main  object  in  any  system  of  working  is  to  extract  as  much  of 
the  coal  as  possible,  with  the  max-mnm  of  economy  and  safety,  an^^ 
in  longwall,  the  coal  left  in  ought  not  to  exceed  5  per  cent,  to  7  per 
cent,  of  the  total  quantity  in  the  seam. 
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To  work  a  seam  to  the  best  advantage  by  this  method,  there  must  be 

(1)  A  fairly  good  roof  and  pavement. 

(2)  Tlie  roof  and  pavement  should  be  free  from  water. 

(3)  The  seam  must  be  neither  too  thick  nor  too  highlv  inclined, 

(4)  The  coal  itself  should  neither  be  too  soft  nor  too  friable. 

A  very  soft  and  friable  seam  with  a  hard  rock  roof  and  pavement 
is  not  suitable  for  longwall,  no  matter  what  the  thickness  of  the 
seam  may  be. 

Thick  seams,  worked  on  the  longwall  system,  are  generally  more 
dangeroiis,  from  falls  of  roof  and  sides,  owing  to  the  roads  being 
imperfectly  built  for  want  of  proper  stowage;  it  is  also  more  expensive 
as  regards  timber,  but,  as  a  rule,  a  larger  percentage  of  round  coal  is 
got  than  in  the  pillar  and  stall  system. 

The  workings  are  generally  laid  out  in  a  regular  manner,  after  the 
seam  has  been  opened  out,  the  main  haulage  or  drawing  roads  being 
set  out  to  the  full  dip  or  rise,  and  the  side  or  branch  roads  set  oflf  at 
right  angles  to  them  or  to  level  course. 

Fig.  105  shows  a  method  of  laying  out  the  workings  in  which  the 
main  roads  are  carried  to  the  full  dip  and  rise,  and  three  parallel 
roads  are  used,  the  two  outside  roads  being  utilised  as  intake  airways, 
and  the  centre  one  as  the  return. 

An  important  factor  in  determining  the  direction  of  the  roads  is 
the  jointing  of  the  coal.  These  joints  or  cleats  cross  one  another  at 
right  angles,  but  there  is  always  one  direction  along  which  the  coal 
yields  more  easily  than  in  any  other,  this  being  known  to  the  miner 
as  the  main  cleat  or  back.  As  a  general  rule,  it  is  better  to  drive 
roads  at  right  angles  to  the  line  of  main  cleat  (*on  plane '),  and  never 
to  set  off  a  distance  in  advance,  extending  beyond  the  next  main 
cleat.  Sometimes,  however,  if  the  seam  is  soft  and  friable,  it  is  more 
advantageous  to  work  the  roads  parallel  to  the  main  cleat,  and  it  also 
suits  the  inclination  of  the  roads  to  sometimes  work  along  the  bedding. 
If  the  cleats  are  both  good  and  the  coal  soft,  it  is  often  best  to  drive 
the  places  or  walls  *  half  on  end '  {i.e.,  at  an  angle  of  45'  to  the  line  of 
main  cleat).  Joints  in  the  -  roof  sometimes  coincide  with  the  cleats 
in  the  coal,  and  if  the  walls  are  then  driven  parallel  to  them,  it  makes 
the  roof  bad  and  dangerous,  and  also  renders  repair  of  the  roads 
difficult  and  expensive. 

Length  of  Walls. — The  length  of  wall  depends  on  the  thickness  of 
the  seam  and  the  amount  of  material  at  disposal  for  *  packs.'  For  a 
seam  4  ft.  thick,  and  with  a  good  roof,  12  to  15  yds.  is  quite  long 
enough;  for  a  3 J  ft.  seam  15  to  20  yds.  is  sufficient;  and  for  seams 
IJ  ft.  to  2  ft.  thick,  the  walls  may  be  20  to  25  yds.  in  length.  In 
some  districts  with  moderately  thick  seams,  4  to  5  ft.,  the  walls  are 
often  as  much  as  40  to  60  yds.  in  length. 

In  thin  seams  the  walls  ought  to  be  long  enough  to  hold  all  the 
debris,  and  the  longer  the  walls  the  less  will  be  the  cost  for  ripping. 
On  the  other  hand,  if  the  walls  are  too  long  (in  thin  seams)  the  coal 
is  much  injured  by  breakage,  in  the  process  of  throwing  it  two  or 
three  times  along  the  wall  to  the  road-head. 
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Width  of  Roarlfi. — The  width  of  roads  varies  between  6  and  10  ft., 
according  to  the  depth,  nature  of  roof  and  floor,  and  thickness  of 
seam.  They  should  be  at  least  7  ft.  wide  and  5i  ft,  high,  as  narrow 
roads  give  much  trouble,  owing  to  the  packs  getting  squeezed  out 
and  catching  on  the  tubs. 
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Fio.  105. — Longwall  working. 


^ize  of^  Buildings '  or  Packs. — The  size  of  packs  along  the  face  varies 
from  6  to  12  ft.,  according  to  depth,  but  no  pack  ought  to  be  less 
than  6  ft.  along  the  face.  The  size  naturally  depends  largely  on  the 
amount  of  rubbish  available  in  the  workings,  but  a  good-sized  pack 
for  a  4  ft.  seam  at  a  depth  of  120  fms.  would  be  12  ft.  along  the  face. 
The  size  of  pack  will  depend  largely  on  the  amount  of  refuse  got  in 
the  working  of  the  seam,  and  in  its  thickness.  In  seams  where  there 
is  a  large  amount  of  rubbish  got  in  working  and  in  the  ripping  of  the 
roads,  the  whole  of  the  space  from  which  the  coal  has  been  extracted 
may  be  completely  stowed  or  packed. 

If  one  of  12  ft.  was  to  be  put  along  the  face  and  6  ft.  along  the 
road-side  in  a  4  ft.  seam,  then  12  x  6  x  4  =  288  cubic  ft.  of  material 
required  to  put  in  a  pack  on  one  side  of  wall ;  1  cubic  ft.  of  solid  rock 
when  broken  will  pack  about  2  cubic  ft.  of  space,  therefore  144  cubic 
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ft.  of  material  will  be  required.  Suppose  the  ripping  is  3  ft.  thick,  then 
3x6x8  =  1 44  cubic  ft.,  and  the  road  would  require  to  be  8  ft.  wide 
to  yield  the  required  amount  of  packing. 

The  side  or  stall  roads  should  not  be  kept  too  long  in  use,  as  they 
often  become  dangerous  and  require  frequent  repairs  to  keep  them  open. 

Level  or  slope  roads  should  be  set  away  every  50  fms.,  or,  where 
the  roof  is  bad,  every  35  or  40  fms.  The  cost  of  upkeep  may  be  less- 
ened by  ripping  anew  every  tenth  or  twelfth  side  road,  after  complete 
subsidence,  and  converting  them  into  main  drawing  roads.  By  this 
means  rails  and  sleepers  are  economised  and  ventilation  is  facilitated. 
The  re-arrangement  certainly  entails  additional  expense,  as  it  will  cost 
6s.  to  7s.  6d.  per  fm.  for  back  ripping  these  roads,  but  the  gain  will 
in  other  ways  more  than  compensate  for  this  outlay.  The  cost  for 
ripping  in  ordinary  workings  varies  from  3d.  to  6d.  per  ton  of  coal 
produced,  but,  as  a  general  rule,  it  should  never  exceed  6d.  per  ton. 

The  working  places  ought  to  be  carefully  propped  and  no  more 
timber  left  in  the  waste  (goaf)  than  can  be  avoided,  as  it  keeps  the 
roof  from  subsiding  properly  and  needlessly  increases  the  cost.  The 
coal  ought  also  to  be  properly  spragged  with  *  holing  props  *  to  get 
the  full  benefit  of  the  *  weight '  when  it  comes  on  the  coal. 

Fig.  106  shows  the  methods  of  using  the  holing  props.  When  the 
coal  is  soft  and  difficult  to  keep  up  while  it  is  being  holed,  the  method 
shown  in  fig.  106  (2)  or  (3)  is  adopted,  while,  in  ordinary  circum- 
stances, the  method  shown  in  fig.  106  (1)  is  used.     This  simply  con- 


(2) 

Fig,  106.— Spragging. 
sists  of  setting  up  a  series  of  short  props  or  sprags,  a,  either  with  or 
without  a  lid,  along  the  face  at  the  edge  of  the  holing.  When  the 
coal  is  soft  a  horizontal  prop  (fig.  106  (2),  a)  is  placed  parallel  to  and 
against  the  coal,  a  short  prop,  6,  supports  it  from  the  floor,  while  an- 
other prop,  c,  set  at  an  angle  to  the  roof  helps  to  keep  it  in  position. 
The  same  result  may  be  attained  by  using  the  method  shown  in 
fig.  106  (3).  The  holing  props  should  be  set  up  at  intervals  of  not 
more  than  6  ft.  apart,  and  this  rule  ought  to  be  strictly  enforced,  as 
a  great  many  accidents  from  falls  of  coal  are  due  to  the  neglect  of 
using  holing  props  (see  C.  M.  R.  Act  as  to  rules  for  spragging  the 
coal).  By  properly  spragging  the  coal  a  larger  amount  of  round  is 
obtained  and  a  smaller  percentage  of  dross  than  when  this  precaution 
is  neglected. 

In  some  districts  where  longwall  is  practised,  the  walls  are  made  as 
long  as  possible,  25  to  60  or  even  70  yds.,  and  a  road  laid  along  the 
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face  to  take  in  the  tubs.  This  is  a  decided  advantage  where  a  large 
area  of  coal  can  be  opened  out,  as  it  saves  expenditure  for  ripping, 
and  few  roads  require  to  be  kept  open  for  a  given  length  of  face. 

In  the  *  Top  Hard '  seam  at  Nottingham,  of  which  a  section  is  given, 
fig.  107,  the  method  of  working  is  longwall,  the  walls  being  25  to  30 
yds.  in  length.  The  *  holing '  is  done  in  the  soft  blaes  *  and  sprags 
are  put  in  every  6  ft. 
The  places  are  worked 
on  *  end '  and  no  blasting- 
is  required ;  when  it  is 
worked  on  *  plane  *  the 
coal  is  more  crushed. 
.The  rubbish  from  the 
walls  and  ripping  is 
sufficient  to  pack  the 
whole  of  the  waste,  and 
a  pack  is  put  in  when 
there  is  4  ft.  of  ripping 
available.      Two  rows  of 
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Fig.  107. — Nottingham  'Top  Hard*  seam. 


wood,  5  in.  diameter,  are  kept  between  the  pack  and  the  coal,  the 
back  row  props  being  placed  at  a  distance  of  not  more  than  6  ft. 
apart.  The  tram  road  is  laid  between  these  two  rows  of  props 
(fig.  108).  The  coal  having  been  holed,  the  whole  length  of  the 
wall  and  the  rails  are  lifted,  a  *  cut  *  is  taken  simultaneously  right 
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Fig.  108. — Plan  of  wall  showing  tram  road. 

and  left  along  the  wall,  the  rails  being  laid  down  anew  from  either 
side  at  the  same  time,  and  a  new  pack  of  5  ft.  is  put  in  (at  x). 

The  props  of  the  back  row  are  drawn  and  set  up  at  the  face  again. 
The  branch  roads  are  cut  off  every  50  fms.  by  new  slopes,  and  the 
top  coal  is  taken  down  by  these  roads.  In  the  main  roads  the  6J  ft. 
of  shale  is  also  taken  down,  a  good  high  road  resulting.  The  output 
per  man  averages  4  tons  per  day. 

*  Argillaceous  shale. 
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In  the  Main  seam  at  the  same  colliery  the  working  is  similar,  but 
the  walls  here  are  60  yds.  long,  and  the  seam  is  worked  on  *  end '  as 
before,  no  blasting  being  required. 

The  under  coal  and  fireclay  are  holed  to  a  depth  of  5  or  6  ft.,  and 
sprags  put  in. 

The  rubbish  got  from  ripping  and  holing  is  not  sufficient  to  fill  the 
whole  of  the  goaf,  and  packs  6  ft.  thick  and  9  ft.  apart  are  put  in  at 
intervals  along  the  wall,  while  two,  and  sometimes  three  rows  of 
props  of  6  in.  or  8  in.  diameter  wood  are  set  up,  6  ft.  apart,  with  a 
distance  of  3  ft.  between  the  rows  ;  the  back  props  being  drawn  and 
shifted  forward  as  packing  proceeds.  The  tubs  are  taken  along  the 
face  between  the  inner  row  of  props  and  the  coal.  Where  the  roof  is 
tender,  straps  composed  of  old  rails  are  put  up  between  the  coal  and 
the  props  in  the  nearest  row,  the  inner  end  being  wedged  into  the  coal. 

The  *  Drumgray '  seam  in  Lanarkshire  varies  in  thickness  from  1 J  ft. 
to  2J  ft.,  and  is  worked  longwall.  The  seam  in  some  districts 
lies  very  level,  and  the  general  mode  of  working  is  to  set  oflf 
roads  in  the  direction  of  the  rise  and  drive  branches,  right  and  left, 
the  walls  being  15  to  20  yds.  long.  The  coal  is  hauled  by  boys 
along  the  face  in  small  bogies  to  the  *  road-head,'  and  there  filled  into 
the  tubs.  The  roads  are  ripped  to  a  height  of  5  or  5 J  ft.,,  and  made 
7 J  ft.  wide,  the  rubbish  got  from  the  ripping  and  holing  being  suffi- 
cient to  pack  the  whole  of  the  goaf.  Tlie  ripping  of  the  roads  costs 
7s.  6d.  to  10s.  6d.  per  fm.,  and  frequent  repairs  are  necessary  to 
keep  them  in  order. 

At  Westrigg  Colliery,  near  Bathgate,  the  Drumgray  seam  is  only 
14  to  17  in.  thick,  with  a  hard  rock  roof.  The  seam  lies  flat  and 
does  not  contain  much  water,  although  the  other  seams  at  this  colliery 
are  very  wet.  A  main  road  is  carried  along  the  rise,  and  slopes  are 
driven  every  30  or  40  fms.,  with  branches  oflf  these  every  14  yds.  • 
between  the  centres  of  the  roads.  The  roads  are  ripped  about  4^  ft. 
high  and  kept  6  ft.  wide.  Owing  to  the  roof  being  strong,  very  little 
timber  is  required,  but  the  roads  soon  get  very  low.  The  holing  is 
done  in  the  coal,  the  floor  being  hard  shale,  and,  notwithstanding  the 
extreme  thinness  of  the  seam,  the  coal  got  is  in  fairly  good  condition, 
and  is  a  capital  steam  fuel.  One  man  and  a  boy  work  in  each  place, 
and  as  the  seam  is  level  the  boy  is  able  to  draw  the  tubs  either  to 
horse  lyes  or  direct  to  the  pit  bottom.  Each  man  keeps  his  own 
place  in  order,  and  does  the  ripping  of  his  own  road,  the  price  paid 
in  1898  being  about  4s.  per  ton  of  coal  got.  The  price  includes  the 
ripping  of  roads  and  the  drawing  of  the  coal.  The  output  per 
working  place  is  about  3  tons  per  shift  of  nine  hours. 

To  work  so  thin  a  seam  would  be  almost  an  impossibility  with  a 
bad  roof,  as  the  cost  of  upkeep  would  be  too  great ;  but,  in  this  instance, 
and  with  a  good  roof,  very  little  extra  expenditure  is  required,  the 
fireman  alone  being  generally  able  to  examine  and  keep  fifteen  to 
twenty  places  going  without  much  trouble. 
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A  few  important  points  to  be  noticed  to  secure  success  in  working 
longwall  are : — 

(1)  The  places  or  walls  should  be  kept  going  regularly  and  fully  equipped  with 

the  full  complement  of  men,  otherwise  some  of  the  places  will  fall  behind 
and  will  cause  trouble  with  the  ventilation,  with  the  men  themselves, 
and  in  other  ways. 

(2)  The  line  of  face  should  be  kept  as  even  as  possible,  and  unless  the  seam  is 

very  highly  inclined,  not  worked  in  the  zigzag  method  so  often  seen,  as 
the  point  or  *nose*  is  sure  to  get  crushed,  and  the  *ribside'  will  rot 
have  sufficient  weight,  and  very  often  the  wall  will  get  closed  at  tliis 
point  altogether,  and  hinder  the  ventilation  and  cause  much  trouble  and 
expense  in  *  winning-out '  again. 

(3)  No  portion  of  the  face  should  be  in  advance  of  the  rest  further  than  a  single 

*cut,'  as  this  makes  the  coal  more  difficult  to  get,  and  more  dross 
(* slack')  will  be  made  by  the  increased  'shearing*  and  'holing.* 

(4)  The  places  should  be  carefully  propped,  while  no  timber  should  be  left  in 

the  waste  that  can  be  avoided,  as  it  keeps  the  roof  from  subsiding 
properly,  besides  increasing  the  cost  for  timber. 

(5)  The  holing  ought  to  be  carefully  spragged  by  holing  pi  ops  or  *gibs,'  to  get 

the  full  benefit  of  the  weight  when  it  comes  on. 

(6)  The  ripping  in  each  road  should  always  be  kept  well  forward  and  the 

buildings  (packs)  well  and  tightly  laid,  otherwise  much  trouble  is  often 
caused  if  they  are  put  in  loose  by  their  being  pushed  out  into  the  roads 
when  the  weight  comes  on  them. 

Advantages  of  Longwall,  —  The  advantages  to  bo  derived  from 
working  any  seam  by  longwall  may  be  briefly  stated  thus ; — 

(a)  The  coal  is  generally  extracted  with  only  5  pner  cent,  to  7i  per  cent,  loss, 

resulting  from  places  'closing*  and  requiring  ribs  of  coal  left  in,  and 
from  bottom  pillars  required. 

(b)  As  the  *  shearing '  is  confined  to  one  or  two  places  or  main  roads,  there  is  a 

considerable  saving  in  that  part  of  the  work,  and,  therefore,  better  coal 
at  lower  cost  is  obtainable  than  where  much  shearing  is  required. 

(c)  The  coal  is  easier  to  work  and  the  working  price  is  cheaper,  as  a  rule,  than 

in  bord  and  pillar, 

{(l)  The  'weight*  often  reduces  the  labour  of  getting  the  coal,  for,  if  properly 
taken  advantage  of,  it  helps  to  bring  down  the  coal  after  being  '  holed,' 
thus  saving  expense  in  blasting  and  giving  from  10  to  15  per  cent,  more 
round  coal  than  in  pillar  and  stall  working. 

(e)  Ease  in  ventilation,  small  cost  for  bratticing,  and  comparatively  short  dis- 
tance for  haulage  for  a  given  output. 

(/)  More  men  can  be  employed  in  a  given  area,  and,  therefore,  a  larger  output 
can  be  got  than  in  pillar  and  stall  working. 

(g)  Fewer  roads  require  to  be  kept  open  for  a  given  output,  and  there  is  a  con- 
sequent saving  in  rails,  sleepers,  timber,  etc. 

(h)  With  thin  seams  and  where  the  conditions  are  suitable,  coal-cutting 
machines  can  be  used. 

The  disadvantages  are  : — 

(1)  The  roads  are  more  difficult  to  keep  open  than  in  nillarand  stall,  especially 
if  the  roof  and  floor  are  wet,  and  the  latter  tenas  to  creep.* 

•  The  word  'creep'  is  usually  confined  to  the  slow  rising  of  floors,  which 
sometimes,  owing  to  the  pressure  of  the  walls  on  either  side,  become  more  and 
more  convex,  and  sometimes  even  block  up  the  road  or  render  it  impassable. 
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(2)  Unless  the  work  proceeds  regularly,  roads  and  faces  are  difficult  to  keep  open 

and  the  ventilation  is  hindered. 

(3)  Dykes  and  dislocations  are  more  difficult  to  deal  with  than  in  pillar  and 

stall  working,  and  cause  much  trouble  with  the  roof  and  sides. 

(4)  Longwall  working  is  unsuitable  for  thick  seams  with  little  rubbish  available 

for  packs  in  the  wall. 

It  would  seem  from  the  Inspectors  of  Mines'  Reports  that  there  is 
practically  no  difference  between  longwall  and  pillar  and  stall,  so  far  as 
safety  and  the  number  of  accidents  are  concerned ;  as  many  accidents 
from  falls  of  roof  and  sides  taking  place  annually  under  the  one  system 
as  the  other. 

Pillar  and  Stall,  Bord  and  Pillar  or  Stoop  and  Eoom. —  This 
mode  of  working,  with  its  numerous  modifications,  may  be  said  to  be 
the  only  other  method  of  working  a  seam  imsuitable  for  longwall. 
Seams  from  3  ft.  thick  and  upwards  may  be  worked  by  pillar  and 
stall,  and  some  even  thinner  than  3  ft.,  where  the  pavement  is  soft 
fireclay,  a  portion  being  lifted,  as  in  some  districts  of  Cumberland. 
Again,  if  a  seam  situated  below  another  working  containing  water  has 
to  be  worked,  it  is  often  best  to  adopt  the  pillar  and  stall  method,  no 
matter  what  thickness  the  seam  may  be.  The  system,  however,  is 
best  suited  for  thick  or  moderately  thick  seams,  with  no  available 
debris  to  build  or  stow  up  the  spaces  left  after  taking  away  the  coal. 
In  seams  of  a  soft  or  friable  nature  with  a  rock  roof,  it  is  likewise,  as 
a  rule,  the  best  method  of  working. 

Pillar  and  stall  working  is  divided  into  two  distinct  operations : 

(1)  Driving  places  in  the  solid  coal,  and  dividing  the  area  of  coal 

to  be  worked  into  large  rectangular  blocks  or  pillars  by 
means  of  narrow  places  called  'stalls'  or  *  rooms.' 

(2)  Extracting  the  pillars  and  allowing  the  roof  to  fall  in  and  fiU 

up  the  space  left  by  the  extraction  of  the  coal.  This  latter 
operation  is  the  more  difficult  and  important  part  of  the 
work. 

The  accompanying  illustration  (fig.  109)  shows  the  general  method 
of  pillar  and  stall  working,  in  which  A  A  are  the  pillars  or  stoops, 
and  B  B  the  stalls,  bords,  or  rooms. 

Size  of  Bottom  Pillar. — The  first  important  point  to  be  considered 
is  the  size  of  the  pillar  to  be  left  at  the  bottom  of  the  shaft  to  pro- 
tect the  surface  buildings  and  the  shaft  itself  from  damage.  The 
size  of  shaft  pillars  is  given  differently  by  different  authorities.  A 
good-sized  pillar  is  one  40  yds.  square  for  a  depth  of  50  fms.,  and  the 
size  should  increase  by  5  yds.  for  every  10  fms.  increase  in  depth  of 
shaft ;  i,e.y  the  size  of  pillar  for  60  fms.  would  be  45  yds.  sqiiare,  and 
for  70  fms.  deep  50  yds.  square,  etc.     . 

Another  plan,  which  is  much  adopted  in  Scotland,  is  to  draw  a 
line  enclosing  all  the  surface  buildings,  such  as  engine-houses,  fans, 
screens,  etc.,  that  it  is  necessary  to  protect,  and  make  the  shaft  pillar 
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of  snch  a  size  that  solid  coal  will  be  left  in  all  rbtind  this  line  for  a 
distance  equal  io  one-thi  d  of  the  depth  to  the  seam. 
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Tbe_size  of  bottom  pillar  may  also  be  calculated  from  the  formula 

R=vr^_vi,  where  R  =  radius  of  pillar  in  yards,  D  =  depth  from 

surface  in  yards,  T  =  thickness  of  seam  in  feet. 

Andr^  gives  the  following  sizes  as  suitable  for  shaft  pillars ; — 

Up  to  150  yds,  deep,  pillar  35  yds.  square. 
))     175        „  ,,      40    ,,         ,, 

„     200        „  „      45     „ 

the  size  of  pillar  increasing  5  yds.  for  every  25  yds.  increase  in 
depth. 

The  writer's  own  experience  leads  him  to  believe  that  safety  is 
secured  by  making  the  shaft  pillar  area  equal  in  length  in  yards  to  the 
depth  of  the  shaft  in  fathoms ;  t.e.,  for  a  depth  of  100  fms.  the  shaft 
pillar  should  be  100  yds.  square,  and  for  120  fms.  the  pillar  should  be 
120  yds.  square,  etc. 

The  size  of  pillar,  however,  must  be  adjusted  to  suit  the  nature  of 
the  coal,  the  roof  and  the  floor,  as  well  as  the  inclination  of  the  seam 
and  the  extent  and  nature  of  the  surface  buildings. 

It  must  also  be  borne  m  mind  that  bottom  pillars  should  have  an 
excess  rather  than  a  deficiency  of  coal,  as  they  are  frequently  cut  up 
in  later  developments  for  new  haulage  roads,  etc. 

In  steeply-inclined  workings  the  pillar  should  be  left  larger  on  the 
rise  side  of  the  shaft,  as  the  *  weight '  always  tends  down-hill. 

The  size  of  pillars  in  the  ordinary  working  varies  very  much  in 
different  localities  and  in  different  seams.  In  the  Hamilton  district  of 
Lanarkshire,  in  the  Ell  coal,  which  is,  on  an  average,  about  5  ft.  thick 
and  at  a  depth  of  100  fms.  from  the  surface,  a  common  size  of  pillar 
is  30  yds.  x  20  yds.,  while  for  the  Splint  coal  in  the  same  district, 
which  is  usually  about  6  ft.  thick  and  lies  about  20  fms.  or  so 
deeper  than  the  Ell,  the  size  of  pillar  is  often  30  yds.  x  30  yds. 
or  40  yds.  x  30  yds. 

The  pillars  left  in  the  first  working  are  much  larger  now  than  was 
formerly  the  case ;  often  in  the  first  working  only  8  per  cent,  to  10 
per  cent,  being  taken  out,  and  90  per  cent,  to  92  per  cent,  left  in 
the  pillars,  but  this  varies  according  to  circumstances.  At  Milnwood 
Colliery,  Bellshill,  in  the  Splint  coal,  only  8|  per  cent,  was  taken 
out  and  91 J  per  cent,  left  in  the  pillars. 

The  following  proportions  are  sometimes  adopted  for  pillars : — 

At  50  fathoms  depth  60  per  cent,  of  the  seam  is  left  in. 
From  60  to  100        ,,         „       65        „  „  ,, 

„    100  to  150        „         „       75        „  „  „ 

„    150  to  250        ,,        ,,       80        „  ,,  „ 

Taking  as  a  standard  for  a  seam  6  ft.  thick,  a  pillar  30  yds.  square, 
at  a  depth  of  100  fms.,  with  ordinary  roof  and  pavement,  then  the 
size  for  any  other  depth  and  thickness  of  seam  can  be  readily 
ascertained. 


ft. 

ft. 

yds. 

6: 

4  : 

:     30 

100  : 

120 
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Suppose  it  is  required  to  find  the  size  of  pillar  for  a  4-f t.  seam  at  a 
depth  of  120  fms. 

30x4x120    o..    A 
6x100     =24  yds.  square. 

Or  the  following  rule  may  be  adopted  : 

Allow  6  sq.  yds.  of  pillar  per  fathom  depth  for  a  4-ft.  seam,  8  sq, 
yds.  per  fathom  for  a  5-ft.  seam,  and  10  sq.  yds.  per  fathom  for  a 
6-ft.  seam,  etc. ;  multiply  this  allowance  by  the  number  of  fathoms 
depth,  and  extract  the  square  root  of  the  result. 

Repeating  the  above  example  of  a  4-ft.  seam  at  a  depth  of  1 20  fms., 
we  have  1 20  x  6  =  720 ;    ^^^20  =  26*8  yds.  square. 

The  size  of  pillar  may  also  be  ascertained  by  the  formula, 

S=     /— . +22,  where  S  =  size  of  pillar  in  yards,  D= depth  of  seam 

in  yards.     This  rule,  however,  fixes  the  size  of  pillar  larger  than  is 
actually  required  in  practice. 

If  roof  and  floor  are  both  soft  and  only  small  pillars  are  left,  then 
*  creep'  will  occur*  (fig.  110),  and  a  large  amount  of  the  coal  may  be 
entirely  lost.     *  Robbing '  the  pillars  in  an  irregular  manner  may  also 
bring  on  *  creep, 'and  large         _^^_-^^^_. 
areas  of  valuable  coal  have 
been     lost     in     this     way. 
Pillars  which  may  be  suffi- 
cient to   prevent   creep  in 
the   first   working   may  be 
quite  incapable  of  doing  so 
when  the  work  of   extract- 
ing    the    pillars    has   been       — -  . -— ^ 

commenced.  Fig.  110.— Showing  creep  and  crush. 

Again,  if  the  roof  is  bad 
and  the  floor  hard,  and  small  pillars  only  have  been  left,  then,  when 
a  crush  comes  on,  the  roof  will  *  spill '  or  *  ride '  over  the  pillars, 
necessitating  a  large  amount  of  *  redding'  when  stooping  is  going 
on,  and  much  of  the  coal  will  be  made  into  small,  which  will  reduce 
its  value  greatly. 

If  both  roof  and  pavement  are  hard  and  small  pillars  are  left,  then 
the  coal  will  be  much  crushed,  and  in  this  case  also  a  large  percentage 
of  dross  will  be  got.  When  this  takes  place  it  is  called  *  thrust '  or 
crush. 

Taking  all  things  into  consideration,  pillars  as  large  as  possible 
should  be  left  in  during  the  first  working. 

Another  point  to  be  taken  into  consideration  in  fixing  the  size  of 
the   pillars   is   the   amount   of   output    required   daily.     Generally 

*  See  note,  p.  119. 
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speaking,  small  square  pillars  are  most  favourable  for  a  large  output, 
as  the  stalls  ('Ends'  or  *Bords')  are  numerous,  and  help  to  *win '  out 
new  places  speedily. 

Direction  of  Pillars. — Pillars  should,  as  a  general  rule,  be  worked 
lengthwise  to  the  rise  of  the  seam,  imless  the  latter  becomes  very 
steep,  when  it  is  then  found  more  economical  to  make  the  long  side 
of  the  pillai-s  at  right  angles  to  the  inclination,  and  so  have  a  larger 
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112. — Direction  of  pillars. 


amount  of  coal  to  work  from  on  the  level  course  (figs.  Ill,  112). 
The  most  important  point  is  to  have  the  pillars  running  parallel  with 
the  main  cleat  of  the  seam,  as  this  secures  the  best  coal  at  the  least 
cost. 

Width  of  Stalls  or  Booms. — ^This  will  depend  almost  entirely  on 
the  nature  of  the  roof,  but  if  the  latter  is  good,  the  stalls  should  be 
driven  as  wide  as  possible,  consistent  with  the  safety  of  the  men. 

Wide  stalls  give  a  much  larger  percentage  extraction  of  round  coal 
than  narrow  ones,  which  is  a  very  important  point,  except  where  the 
coal  is  to  be  coked,  in  which  case  it  does  not  so  much  matter  about 
small  coal  being  produced.  With  a  stall  6  ft.  wide  there  will  be  an 
average  of  25  per  cent,  dross  (slack) ;  with  a  stall  in  the  same  seam 
15  ft.  wide,  the  average  would  be  only  about  15  per  cent. 

In  Scotland,  the  *  Rooms'  and  'Ends'  are  usually  the  same 
width,  varying  from  9  to  12  ft. ;  in  the  splint  coal  of  Lanark- 
shire, which  has  a  rather  soft  roof,  the  stalls  are  usually  8  or  9  ft. 
wide,  but  in  other  seams  where  stoop  and  room  is  practised  12  ft.  is 
a  common  width.  In  the  North  of  England  the  *  bords '  or  stalls  are 
narrow,  being  only  8  to  12  ft.,  while  the  'throughers'  or  places  at 
right  angles  to  the  *  bords '  are  often  as  many  yards  wide.  Again,  in 
other  districts,  it  is  the  practice  to  open  out  both  'bords'  and 
'  throughers '  narrow  (6  to  9  ft.  wide  for  a  short  distance),  and  then 
to  increase  the  width  to  8  or  9  yards,  such  methods  being  common  in 
Cumberland,  for  instance.  No  hard  and  fast  rule  can  be  laid  down 
for  the  width  of  openings,  as  so  much  depends  upon  local  circum- 
stances in  each  district  or  colliery.  The  main  requirement  is  to  keep 
the  stalls  of  such  a  width  that  the  minimum  of  dross  or  slack  will  be 
obtained  with  the  maximum  of  safety. 
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Extracting  the  Pillars. — This  is  the  most  important  and  the  most 
dangerous  part  of  the  work  in  pillar  and  stall  working,  and  the 
greatest  amount  of  care  should  he  exercised  in  carrying  it  out.  The 
chief  point  to  aim  at  is  to  get  out  the  coal  as  quickly  as  possible, 
without  endangering  the  men  or  losing  a  whole  *lift'  (*judd')  of 
timber  for  the  sake  of  a  tub  or  two  of  coal.  On  the  other  hand,  no 
coal  ought  to  be  left  in  that  can  possibly  be  extracted.  To  satisfy 
both  these  conditions,  the  pillars  ought  to  be  worked  out  in  a  regular 
manner,  beginning  next  the  goaf  or  boundary,  and  working  forward 
in  regular  order  (fig.  1 1 3). 

Too  many  pillars  should  not  be  removed  at  once.  As  soon  as  a 
section  of  solid  coal  has  been  driven  through,  it  ought  to  be  extracted 


Fig.  113. — Extracting  pillars. 

as  quickly  as  possible,  otherwise  much  loss  will  take  place,  and  the 
percentage  of  round  coal  will  decrease,  as  pillars  deteriorate  when 
left  standing  long.  .  With  the  greatest  care  possible,  there  is  always 
some  loss,  varying  from  7  per  cent,  to  1 2  per  cent.,  in  removing  the 
pillars,  and  sometimes  considerably  more  is  lost  through  careless 
working  and  not  setting  in  sufi&cient  props. 

The  pillars  themselves  are  extracted  by  taking  slices,  lifts,  or  judds 
off  them,  varying  from  12  to  20  ft.  in  width, — 15  ft.  being  a  very 
common  lift.  In  this  way  they  are  reduced  in  size  till  a  small  pillar 
about  8  ft.  square  is  left,  this  small  pillar  being  then  extracted  as 
rapidly  as  possible.  Fig.  114  shows  one  of  the  methods  of  reducing 
the  pillars  by  taking  a  *  lift '  off  each  side  simultaneously. 
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If  the  pillars  left  are  large  and  square,  they  are  often  split  into 
two  by  driving  a  road  through  their  centre,  aud  then  extracting  the 
remainder  by  taking  '  lifts '  right  and  left  as  shown  in  fig.  115. 


®  ^    <^  ^  (^  @  ' 


Fig,  114. ■ — Enlarged  view  of  pillar, 
showing  method  of  extraction. 


Fig.  116.— Extracting  pillars. 


In  this  way  the  length  of  lift  is  shortened,  which  in  the  removal 
of  pillars  is  a  considerable  advantage.  Figs.  116,  117  show  other 
methods  of  extracting  the  pillars  which  are  sometimes  adopted. 

In  some  districts,  instead  of  the  pillars  being  taken  out  in  lifts,  the 
whole  pillar  is  extracted  in  one  operation,  and  the  waste  left  packed 
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Figs.  116,  117.— Extracting  pillars. 


with  rubbish  as  in  ordinary  longwall  working.     It  is  not,  however, 
always  convenient  or  even  safe  to  attempt  this  method. 

When  the  roof  is  bad,  and  fire-damp  is  given  off  freely,  extracting 
the  pillars  becomes  a  dangerous  operation.  To  be  successful  in  this 
part  of  the  work,  the  following  nUes  ought  to  be  carefully  attended 
to:— 

(1)  No  naked  lights  ought  to  be  used  in  withdrawing  timber,  whether  gas  has 

been  fotftod  or  not,  and  the  timber  should  be  withdrawn  when  few  men 
only  are  in  the  pit. 

(2)  The  lifts  should  be  made  as  short  as  possible  and  not  too  wide. 
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(3)  They  shonld  proceed  regularly  and  as  speedily  as  possible. 

(4)  Two    lifts*  should  not  meet  each  other  ;  one  should  be  finished  and  the 

timber  withdrawn  before  the  other  comes  forward. 

(5)  The  timber  ought  to  be  withdrawn  as  soon  as  practicable  after  a  *  lift '  is 

completed. 

(6)  If  plenty  of  timber  be  used  (about  one  ])rop  per  square  foot)  less  will  be 

forced,  and  a  plentiful  supply  of  timber  should  be  kept  as  near  as  pos- 
sible to  the  working  faces. 

In  the  old  method  of  working  pillar  and  stall  the  whole  royalty  to 
be  worked  was  first  cut  into  pillars  right  out  to  the  boundary  line 
before  any  of  the  pillars  were  extracted ;  this  entailed  a  large  amount 
of  loss,  due  to  the  length  of  time  the  stoops  or  pillars  stood  before 
being  taken  out,  for  where  the  roof  was  bad  or  the  coal  tender,  the 
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Fig.  118.— Panel  system. 

pillars  would  be  much  crushed.  To  overcome  this  difficulty,  workings 
are  now  often  laid  out  in  sections  or  panels,  and  as  soon  as  one 
section  is  turned  into  pillars,  these  are  at  once  extracted  without 
being  allowed  to  stand  any  length  of  time.  This  method  is  found 
both  cheaper  and  to  result  in  the  production  of  better  coal.  At 
Hamilton  Palace  Colliery,  this  system  of  working  was  adopted,  the 
whole  field  being  first  divided  into  large  blocks  or  panels,  336  x  356 
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yards,  by  pairs  of  headings  or  levels  driven  close  to  each  other  (fig 
1 18)  and  *  throughers '  driven  for  ventilation.  The  levels  and  headings 
were  driven  by  Stanley  coal-heading  machines,  two  machines  working 
a  level  each  with  only  a  rib  of  coal  1  ft.  thick  left  between  them 
(fig.  119).  This  rib  of  coal  obviated  the  use  of  brattice  (small  bolt- 
holes  being  bored  through  at  short  intervals  for  ventilation),  and  it 
also  served  to  preserve  the  roof ;  the  rib  was  subsequently  taken  out 
and  the  two  drivages  converted  into  one  level  1 1  ft.  wide,  which  was 
quite  sufiicient  to  admit  of  a  double  road  being  laid  down  for  haulage 

purposes.       As    the    large 
.  ^:7z.^-z=-^_^  /  ^_i^j  /  ^^zp:;z^       blocks  are  formed,  men  are 

immediately  set  to  work  to 
form  smaller  pillars,  30  yds. 
by  20  yds.,  and  as  soon  as 
these  are  driven  a  third  set 
of  men  proceed  to  extract 
them. 

The    great  advantage  of 
this  method  of  working,  as 
Fig.  119.— ^klacLine  Levels  or  Headings.        compared  with  that  of  form- 
ing pillars  over  large  areas, 
is  that  they  only  stand  for  a  short  time  after  being  formed,  better 
coal  being  got,  while  a  larger  number  of  men  can  be  employed,  and 
hence  a  larger  output  is  obtained. 

At  Clifton  Hall  Colliery,  in  the  Manchester  district,  the  Doe  coal 
seam  is  worked  on  a  similar  principle.  Pairs  of  levels  are  driven  to 
the  boimdary,  with  40  yds.  between  the  openings,  and  200  yds, 
above  these  another  pair  of  levels  is  driven  parallel.  When  the 
bomidary  is  reached,  a  pair  of  headings  is  set  away  to  connect  them, 
thus  dividing  the  coal  into  large  blocks  200  yds.  square.  These 
blocks  are  then  sub-divided  into  pillars  30  yds.  square,  and  when  a 
block  has  been  turned  into  pillars  the  latter  are  at  once  extracted, 
beginning  at  the  boundary  and  working  backwards.  Lifts  of  12  yds. 
width  are  taken  off  the  pillars,  a  packing  9  ft.  wide  being  carried  up 
alongside  the  road — the  material  for  which  is  inferior  coal. 

The  seam  is  altogether  9  ft.  thick,  but  the  top  3 J  ft.  is  left  on  for 
a  roof;  the  holing  is  done  in  the  7  in.  of  fireclay,  which  is  holed  for 
3  ft.  The  top  coal  is  then  taken  down  and  another  3  ft.  holed,  until 
9  ft.  of  the  bottom  coal  is  bared — this  part  of  bottom  coal  being 
obtamed  by  blasting.  The  lifts  off  the  pillars  are  always  taken  to 
the  full  rise  of  the  seam. 

Special  Methods  of  Working. — When  two  or  more  seams  are 
close  together,  with  little  strata  between  them,  it  is  often  difficult  to 
determine  the  method  of  working  best  adapted  for  getting  all  the 
coal  out  in  good  condition,  particularly  when  the  strata  between  the 
coal  seams  are  soft  and  friable,  and  when  the  seams  themselves  are 
largely  intermixed  with  bands  of  dirt. 
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When  two  seams  are  separated  by  6  or  10  fms.  of  strata,  it  is,  as 
a  general  rule,  best  to  work  the  lower  seam  out  first,  and  let  the 
upper  one  stand  for  two  or  three  years.  By  that  time  the  roof  will 
have  settled  down  gradually  and  evenly.  This  plan  may  cost  more 
than  if  the  upper  seam  were  worked  first,  but  far  better  results  are 
obtained  as  a  rule.  Of  course,  there  are  exceptions ;  for  instance,  if 
the  top  seam  had  a  bad  roof,  it  might  be  better  to  work  it  first,  or 
there  may  be  a  stipulation  in  the  lease  that  the  upper  seam  be  first 
exhausted.  When  two  seams  are  separated  from  one  another  by  only 
a  small  thickness  of  rock,  and  if  this  stratum  be  hard  and  firm,  it 
is  better  to  work  the  top  seam  first,  allow  the  roof  to  settle  down,  and 
then  work  the  lower  seam.  If  the  intervening  stratum  be  loose  and 
friable,  the  bottom  seam  should  be  worked  first,  as  otherwise  it  may 
be  found  impossible  to  work  it  at  all.  Then,  again,  sometimes  a 
number  of  seams  occur  together,  separated  only  by  thin  bands  of 
dirt  or  inferior  coal.     In  a  seam  having  a  section,  such  as  in  fig.  120, 


Fireclay  I'i 


Splint  Coal  3  1 

Scone  //' 
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Stone  If' 
Bottom  Coal  I'lO' 


Fig.  120.— Section  of  seam. 

the  bottom  portion  is  worked  first  up  to  the  bottom  of  the  Splint 
coal,  leaving  this  on  for  a  roof,  while  the  stone  and  holings  compose 
the  walls,  the  working  being  carried  on  in  the  regular  longwall  way 
until  the  boundary  is  reached.  Then  the  top  part  (Splint  coal)  is 
either  wrought  back  from  the  boundary  to  the  shaft  or  worked  in- 
wards in  the  usual  way,  the  old  roads  serving  for  this  working.  The 
main  object  to  be  kept  in  view  in  working  two  seams  close  together 
is  to  get  as  much  of  both  as  possible,  and  not  to  damage  either  by 
working  the  other. 

In  Lanarkshire,  the  Splint  and  Virgin,  and  the  Kiltongue  seams  are 
often  divided  by  bands  of  dirt  varying  from  1  it.  to  6  ft.  in  thickness, 
which  renders  them  difficult  to  work,  especially  when  the  dirt  between 
the  two  portions  is  4  ft.  to  6  ft.  thick. 

In  the  Blantyre  district,  the  Splint  and  Virgin  seams  are  separated 
by  a  band  of  dirt  only  1  ft.  to  3  ft.  thick,  and  in  some  of  the  collieries 
these  seams  are  worked  in  two  portions.  The  Virgin  seam  is  worked 
in  the  ordinary  longwall  method,  the  walls  being  14  or  16  yds.  long. 

I 
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i/pperPort/oft 
—  iBto^'^ 
'mites  2-0  CO  €0 

Qwer  Fortion  26 


This  coal  consists  of  the  Virgin  seam  and  the  ply  of  stone  up  to  the 
bottom  of  the  Splint  coal ;  but  to  give  sufficient  height  in  the  roads  a 
portion  of  the  latter  is  also  ripped  down.  The  walls  are  packed  with 
the  intervening  stone,  and  with  any  stone  resulting  from  falls  of  roof 
on  the  main  roads.      The  Virgin  seam  is  worked  in  for  a  considerable 

distance  in  this  manner,  and 
then  the  Splint  coal  is  worked 
back,  what  was  the  packing 
for  the  lower  portion  being 
now  the  holing  for  the  top 
part.  The  one  set  of  roads 
serves  for  both  seams.  By 
this  method  of  working,  round 
coal  is  economically  got,  but 
the  main  roads  are  extremely  difficult  to  keep  in  repair,  owing  to  the 
insufficient  packing  of  the  walls  and  the  weight  from  the  roof. 

Fig.  121  represents  a  section  of  the  Kiltongue  seam  as  it  is  found 
in  the  Coatbridge  district.  A  common  method  of  working  it  is  as 
follows  :* — The  bottom  portion  is  worked  from  9  to  12  ft.  in  advance 
of  the  upper  portion,  and  short  props  'p'p  are  put  up  along  the  wall 
to  support  the  intervening  strata  (fig.  122).  When  the  coal  has  been 
taken  out  in  the  lower  seam,  the  short  props  are  then  drawn,  and 
the  fakes  allowed  to  fall,  a  pack  being  put  in  along  the  face  until 
all  the  loose  material  is  used  up.     The  top  portion  is  then  either 


Fig.  121. — Section  of  seam. 


Fig.  122. — Method  of  working  in  Kiltongue  seam. 

blasted  or  wedged  down  in  the  usual  way,  care  being  taken  to 
properly  support  the  roof  immediately  the  top  coal  is  removed. 
This  method  works  very  well  when  the  thickness  of  the  strata 
between  the  two  seams  does  not  exceed  3  ft. ;  when  it  is  greater  it 
is  dangerous  to  work  by  this  system,  owing  to  the  difficulty  of  getting 
out  the  short  props,  and  the  danger  arising  from  large  slabs  of  the 
fakes  breaking  off  and  falling  over  at  the  face.  Any  open  spaces 
along  the  face  should  be  supported  by  wood  pillars.  Another 
method  of  working  this  is  to  keep  both  portions  going  as  separate 
workings,  and  when  the  road  is  ripped  to  put  in  a  short  pack  in 
both  seams  at  the  same  time. 

When  the  dirt  separating  the  two  seams  is  5  or  6  ft.  thick,  the 
following  method  of  working  is  often  adopted  : — The  bottom  seam  is 

♦  Trainji.  M.  I.  Scot,,  vol.  xiii.  pp.  44-47. 
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worked  first  by  ordinary  longwalL  Main  levels  and  headings  are 
set  away  every  40  or  50  fms.,  and  the  drawing  roads  cut  off  on  one 
side,  and  new  branch  roads  are  opened  on  the  opposite  side  of  the 
heading.  As  the  branches  are  thus  cut  off  in  a  section,  the  upper 
seam  is  opened  up  in  the  old  road-heads  and  the  seam  worked  back 
towards  the  main  levels  (fig.  123),  beginning  at  the  level  itself,  which 
would  require  to  be  worked  during  the  night  shift. 


Fig.  123. — Working  special  seams. 

By  cutting  up  on  the  *  low '  side  of  the  first  branch  road  and  the 
*  rise '  side  of  the  level,  the  two  places  get  communication  for  an  air- 
current  to  circulate.  In  working  by  this  method,  the  walls  in  the 
lower  seam  should  be  built  very  carefully,  otherwise  great  difficulty 
is  sometimes  experienced  in  reaching  the  top  part  of  the  seam. 

The  advantiges  claimed  for  this  method  are : 

(1)  It  is  safe  to  work. 

(2)  Little  ripping  is  required,  and  keeping  roads  open  is  dispensed  with. 

(3)  Less  expense  is  incurred  for  timber. 

(4)  A  larger  output  is  got  by  working  both  seams  practically  at  the  same  time. 

Sometimes  three  seams  are  found  within  a  few  feet  of  each  other, 
as  in  some  parts  of  the  Ayrshire  coalfield.  This  greatly  increases  the 
difficulty  of  working.  *The  section  here  given  (fig.  125)  represents 
one  that  occurs  at  Dalmellington. 

The  method  of  working  adopted  is  very  similar  to  that  just 
described  for  two  seams  occurring  close  together. 

In  this  working  two  levels  are  driven — the  low  or  main  level  in  the 
top  coal  and  the  high  level  in  the  bottom  coal.     Level  cross-cuts  are 

♦  Ibid.,  vol.  xiv.  pp.  113-114. 
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driven  at  convenient  distances  apart,  from  the  top  coal  in  the  low 
level  to  the  bottom  coal  in  the  high  level.  In  this  coal  longwall 
workings  are  opened  out,  a  barrier  being  left  between  the  two  levels, 
and  branch  roads  are  set  off  to  the  rise  at  right  angles  to  the  level 
(fig.  124).  In  the  roads  of  this  working  the  dark  fakes  are  ripped 
down  to  the  bottom  of  the  mid  coal ;  the  roads  being  packed  12  ft. 
wide.  When  the  branch  roads  are  worked  up  40  fms.  they  are 
cut  ofif  by  a  new  level,  only  those  in  a  line  with  the  cross-cuts 
are  kept  open  as  main  roads;  being  afterwards  fitted  up  as  self- 
acting  inclines  to  convey  the  coal  to  the  low  level. 


High  Level  in  Bottom  Coal 


Low  Level  in  Top  Coat 


Top  Coal  G]0^ 
Sandstone  4.3* 

Mid  Coal  SO 

Dark  FakeaS 

Bottom  Coal 


Fl  is.  124,  125.— System  of  working  adopted  at  DalmelliDgton  in  Ayrshire. 

When  a  certain  area  has  been  exhausted  in  the  bottom  coal,  a  new 
set  of  operations  is  begun  at  the  *cousie  level,  by  piercing  up  into 
the  mid  coal  and  opening  out  longwall  workings  in  that  seam,  the 
roads  of  the  lower  seam  being  used.  The  roads  are  finally  ripped 
up  to  the  bottom  of  the  top  coal,  and  a  pack  put  in  on  the  top  of 
the  dark  fakes,  which  was  the  roof  of  the  bottom  coal,  but  is  now 
the  floor  of  the  mid  coal.  When  the  mid  coal  has  reached  its  limit, 
the  top  coal  is  pierced  up  along  the  faces  and  worked  backwards 
longwall,  there  being  no  ripping  in  this  working.     Stones  from  the 

*  Cousie,  a  self-acting  incline. 
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road-sides  and  old  timber  are  used  for  pillars  on  either  side  of  the 
road-head  (gateway),  the  walls  being  propped  in  the  usual  way.  By 
this  method  of  working  very  little  coal  is  lost,  and  the  percentage  of 
round  coal  got  is  larger  than  when  the  seams  were  worked  by  stoop 
and  room. 

Spontaneous  Combustion. — In  many  districts  spontaneous  com- 
bustion frequently  occurs  when  the  coal  is  being  worked.  In  the 
South  Staffordshire  thick  coal  xmderground  fires  are  of  frequent 
occurrence,  and  in  the  Dysart  thick  seam  in  Fifeshire  the  coal 
very  readily  takes  fire  on  being  worked.  These  underground  fires 
are  more  or  less  due  to  the  presence  of  quantities  of  dross  or  inferior 
coal  in  the  waste.  The  theory,  or  rather  theories — for  there  are 
many — of  spontaneous  combustion  in  underground  workings  need 
not  be  discussed  here,  and  only  the  methods  for  dealing  with  such 
occuiTcnces  will  be  dealt  with.  To  overcome  the  danger  arising 
from  underground  fires,  various  means  have  been  adopted.  Where 
the  seam  is  worked  on  the  long  wall  principle,  continuous  walls  of 
clay  have  been  employed  to  prevent  the  air  from  entering  the  waste  ; 
banks  of  sand  have  also  been  used  for  the  same  purpose,  but  neither 
method  seems  to  be  very  practicable.  When  a  *  crush  *  came  on,  a 
clay  wall  would,  in  all  probability,  be  pushed  out  into  the  roadway, 
while  such  walls  would  certainly  entail  a  large  amount  of  extra 
labour  and  expense  in  construction. 

Where  these  underground  fires  are  of  frequent  occurrence,  it  would 
seem  best  to  work  the  seam  on  the  retreating '  system,  i.e.,  driving 
the  principal  roads  out  to  the  boiuidary,  and  keeping  them  dipping 
from  the  shaft  if  possible  ;  the  coal  could  then  be  worked  uphill 
towards  the  shaft,  and  the  waste  allowed  to  fill  with  water  up  to 
within  a  convenient  distance  from  the  face. 

To  overcome  the  danger  from  underground  fires  in  Fifeshire,  the 
coal  is  sometimes  worked  on  the  panel  system.  The  coal  is  thick 
and  is  generally  worked  in  two  portions  (figs.  126,  127,  128).  Dur- 
ing the  first  working  extraction  extends  to  the  *  cherry '  coal,  the 
levels  being  driven  8  ft.  wide,  and  pillars  30  yds.  square  left  on  the 
*  rise '  side.  The  cross  *  throuj^hers '  are  also  driven  8  ft.  wide  to 
allow  double  roads  to  be  laid,  as  the  latter  are  worked  as  self- 
acting  inclines.  The  panels  are  generally  formed  140  to  160  yds. 
square ;  and  in  forming  the  panel  a  main  heading  is  driven  8  ft. 
wide,  and  pillars  formed  on  each  side  30  yds.  square.  The  heading 
is  driven  up  80  yds.,  thus  forming  two  pillai-s  and  part  of  a  third 
one.  The  regular  working  is  now  begun.  The  stalls  are  driven  15 
ft.  wide,  and  small  coal  pillars,  6  to  8  ft.  square,  left  to  support  the 
roof.  No  dross  is  filled  in  this  working.  Wood  pillars  are  put  in, 
generally  three  in  each  place,  this  being  sufficient  to  allow  the  roof 
to  subside  gradually.  This  scheme  of  operations  is  continued  until 
the  30-yd.  level  above  is  reached  ;  it  is  then  cut  off  and  the  coal 
brought  out  on  the  upper  road.      While  working  thus  the  abandoned 
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workings  left  behind  will  subside  from  5  ft.  at  the  commencement  to 
a  height  of  2  ft.  6  ins. 

A  margin  of  10  ft.  is  left  next  the  upper  level  for  protection,  and 
the  timber  is  taken  out  and  the  dross  filled,  the  small  8-ft.  pillars 
being  now  crushed  to  dust.  The  coal  is  then  worked  back,  and 
every  place  of  ingress  built  up,  to  prevent  air  travelling  through  the 
abandoned  workings.  When  the  boundary  has  been  reached,  the 
large  pillars  forming  the  barriers  are  worked  back. 


Figs.  126,  127. — Dysart  thick  fcam  working. 

The  advantages  claimed  for  this  system  are  that  all  the  coal  is  ex- 
tracted, and  in  the  event  of  any  fire  occurring  it  can  be  easily  shut 
off  by  driving  a  level  higher  up  and  opening  out  anew. 

Working  Highly-Inclined  Seams.  —  In  working  seams  that  are 
highly  inclined,  from  70**  to  90*  from  the  horizontal,  it  is  found,  as  a 
general  rule,  that  whether  the  seams  are  moderately  thick  or  very 
thin,  the  best  system  of  working  is  by  longwall  or  some  modification 
of  it ;  especially  is  this  the  case  when  the  seams  reach  a  certain 
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depth,  say  120  to  150  fms.  from  the  surface,  when  the  pressure  in 
highly-inclined  seams  becomes  very  great.  Until  they  reach  such 
depths,  they  may,  however,  be  worked  perfectly  well  by  *  bord  and 
pillar '  in  the  ordinary  way. 


Cosly  b/aes  6 'to  20' 


ff^^d  Coat  20 


Spftnc  Coal  4  to  50 

Chtrry  Coal  O's' 
/>Q^3f  Stony   Coat  3'to  6  ' 
Psrrot  Spfint  7lof2' 

Parrot  Coal 6 to 3'0* 

Hoi/yA  Coal  I'd  to  I '4* 
i^   it  lit  4' 

Fig.  128. — Section  of  Dysart  thick  seam. 

*  At  Niddrie  Collieries,  near  Edinburgh,  where  the  seams  are  inclined 
at  an  angle  of  65°  to  90^*  from  the  horizontal,  longwall  is  now  the  only 
system  that  is  practised,  although  formerly  the  seams  were  worked 
by  *  stoop  and  room.'    Figs.  129,  130  give  a  section  of  the  two  seams 
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Section  of  Stairhead  Seam 
Figs.  129,  130.  -Sections  at  Niddrie. 


most  largely  worked.  The  coal  is  won  by  both  inclined  and  vertical 
shafts,  and  is  worked  in  lifts  of  from  60  to  80  fms.  in  depth,  divided 
into  panels  of  about  200  fms.  in  length. 

*  Mr  Hugh  Johnstone,  Trans,  Min.  TnsL  Scot^  vol  x.  p.  204. 
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In  each  panel,  and  preferably  as  near  to  its  centre  as  possible,  a 
*  brake '  incline  is  formed,  by  means  of  which  the  coal  is  lowered 
from  any  intermediate  roads  to  the  bottom  level,  along  which  it  is 
conveyed  to  the  winding  incline  or  shaft. 

When  the  dip  does  not  exceed  70**,  the  method  of  worl  'ng  is  as 
follows  -.—Close  levels  (A,  B,  C,  D,  figs.  131,  132)  are  driven  in  both 
seams  from  the  winding  incline  at  the  depth  fixed  upon  as  the 
bottom  of  the  lift,  and  when  a  suflficient  distance  has  been  reached 
they  are  connected  by  a  cross-cut  (B,  D,  figs.  131, 132),  and  longwall 
operations   are    then    commenced.       A    level   about    8   yds.    wide 


±c_ 


II      * B ^ 

Figs.  131,  132.— Longwall  system  at  Niddrie. 


(B,  E,  G,  figs.  131,  132)  is  set  away,  leaving  6  ft.  of  stowage  under 
the  rails;  the  rise  side  of  the  place  being  continuously  timbered 
with  pillars  3  ft.  thick  and  built  alternately  draught-board  fashion, 
the  open  spaces  being  filled  with  dross.  *  Spouts '  or  *  shoots,'  3  to  4 
ft.  wide,  built  and  causewayed  with  pieces  of  ironstone,  are  branched 
ofif  straight  to  the  rise  12  to  16  yds.  apart  from  centre  to  centre. 
The  goaf  is  stowed  with  the  daugh  or  fireclay,  dross,  rough  coal,  and 
any  ironstone  not  required  for  packings.  For  convenience  in  working, 
the  walls  are  so  arranged  that  each  has  a  long  *  rise '  side  and  a  very 
short  *  dip  '  side.  The  *  cannel '  coal,  which  is  the  part  for  which  the 
seam  is   principally   worked,  is  dropped  down   the  spouts,  at  the 
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bottom  of  which  it  is  filled  by  a  'drawer.'  At  intervals  of  about 
70  yds.  travelling  roads  (L,  B,  fig.  131)  are  formed  to  aflford  con- 
venient access  to  the  working  places  at  different  points.  These  are 
built  similar  to  the  spouts  and  are  furnished  with  ladders. 

While  the  longwall  is  progressing,  roads  (K,  L,  M,  N,  fig.  131)  are 
driven  in  the  Stairhead  seam  at  intervals  of  40  yds.,  and  cross-cut 
mines  (0,  L,  P,  N,  figs.  131,  132)  are  driven  from  thence  to  the 
Great  seam,  so  as  to  strike  the  latter  before  the  longwall  headings 
reach  their  level.  From  these  mines,  intermediate  levels  (L,  Q,  N,  R, 
fig.  131)  are  carried  across  the  working  faces  as  they  come  up,  cut- 
ting off  the  *  spouts,'  or  what  would  be,  in  ordinary  longwall,  branch 
roads.  The  rails  for  these  intermediate  levels  are  laid  upon  the 
stowage,  and  the  rise  side  of  the  road  is  timbered  similarly  to  the 
levels.  The  close  level  in  the  Stairhead  seam  (D,  H,  fig.  131)  is 
carried  in  advance  of  the  level  in  the  Great  seam,  and  from  it  cross- 
cuts (F,  E,  fig.  131)  are  driven,  connecting  the  two  seams  at  intervals 
of  60  to  80  fms.,  for  the  purpose  of  cutting  off  the  out-bye  portion  of 
the  Great  seam  level  as  soon  as  the  *  spouts '  on  it  have  been  cut 
off  by  the  intermediate  level  above.  The  same  system  is  followed 
with  the  upper  levels,  the  object  being  to  *  shorten  the  life  '  of  the 
roads  in  the  Great  seam  and  to  keep  the  horse  or  engine  haulag3 
as  near  to  the  working  faces  as  possible. 

The  method  of  building  the  levels  and  spouts  is  shown  in 
figs.  133,  134,  135.  The  stowage  on  the  dip  side  of  the  levels 
tends  to  prevent  the  roof  breaking  and  bursting  out  on  the 
roads.  The  roof  is  supported  by  *  half-rounds '  (D,  fig.  134),  8  in. 
X  4  in.,  placed  4  ft.  apart  and  supported  at  each  end  by  props  5  in. 
diameter. 

The  walls  are  either  12  or  16  yds.  long ;  in  the  first  case  two  men 
usually  work  in  each,  and  three  men  when  they  are  16  yds.  in  length. 
Very  few  props  are  used  at  the  face,  but  the  coal  is  kept  closely 
*  spragged,'  the  distance  between  the  *  sprags '  or  *  holing  props ' 
being  not  more  than  3  or  4  ft. 

When  the  seam  lies  at  an  angle  of  OO**  or  in  a  vertical  position,  a 
rather  different  method  is  adopted.  The  plan  shown  in  fig.  136 
will  explain  the  system. 

The  brake  incline  and  haulage  roads  are  made  in  the  Stairhead 
seam  as  before,  and  close  levels  are  branched  off  this  incline  at 
distances  18  yds.  apart,  and  from  each  level  a  cross-cut  mine  is 
driven  to  the  Great  seam. 

In  the  bottom  level  (A,  B,  fig.  136),  6  ft.  of  stowage  is  kept 
below  the  rails,  and  the  rise  side  of  road  is  well  timbered.  The 
height  of  the  roads  is  5  J  ft.  clear.  The  *rise  '  side  of  the  place  is  kept 
trailing  so  as  to  form  an  angle  of  45''  with  the  road.  As  soon  as  this 
level  has  been  opened  up  sufiieiently  to  let  the  rise  side  reach  the 
level  of  the  cross-cut  mine  (C),  roads  from  this  mine  are  laid  on  the 
top  of  the  stowage,  their  rise  sides  being  timbered,  and  the  working 
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is  again  extended  to  the  cross-cut  above  (D),  and  so  on  to  the  top  of 
the  brake  incline. 

The  roof  in  this  working  forms  one  side  of  the  road,  and  is  sup- 
ported by  half-round  crowns,  8  in.  x  8  in.  x  4  in,  and  4  ft.  aj^art, 


Fig.  133. — Method  of  supporting  *  shoots,* 


Fig.  134. — Method  of  supporting  level. 


Fig.  135.— Face  of  working. 


the  upper  end  of  the  crown  being  built  into  the  timbering  and  the 
lower  end  into  the  stowage.  The  brake  inclines  are  usually  200 
fms.  apart,  and  the  coal  is  worked  for  a  distance  of  100  fms.  on 
each  side. 


MODES  OF  WORKING. 


139 


•^ 


ff 
'^ 


o 
1^ 


140 


PRACTICAL  COAL-MINING. 


At  Kilsyth,  Stirlingshire,  the  seams  sometimes  lie  at  an  angle 
varying  from  30**  to  45%  and  here  both  stoop  and  room  and 
longwall  workmg  are  practised.  A  main  incline  is  driven  right  from 
the  surface  to  the  dip  of  the  seam,  and  the  coal  is  worked  in 
'  lifts  *  or  *  benches  '  of  about  100  fms.  each.  At  each  of  these  '  lifts ' 
levels  are  set  away  on  each  side  of  the  main  incline  (A,  B,  fig.  137). 
These  levels  are  filled  on  the  dip  side  to  make  the  rails  lie  as 
horizontally  as  possible.  From  these  levels,  which  are  usually  12  to 
15  ft.  wide,  roads  are  set  to  the  rise,  and  pillars  formed  about 
22  yds.  square,  the  openings  being  the  same  as  in  the  levels.  On 
every  third  or  fourth  roadway  to  the  rise,  the  coal  is  brought  down 
to  the  main  level  by  *  cuddie  braes,'  *  which  work  well  enough  up 
U>  inclines  of  about  1  in  1^  or  1  in  2  ;  when  they  exceed  this,  the 
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Fig.  137.— Highly  inclined  working  at  Kilsyth. 


coal  slides  down  the  openings,  and  is  filled  at  the  levels  into  the  tubs, 
two  planks  being  put  across  the  mouth  of  the  opening  to  prevent  the 
coal  from  sliding  out  into  the  main  levels. 

As  the  coal  is  chiefly  used  for  coking,  the  percentage  of  dross  is 
of  no  consequence,  pulverisation  being,  in  any  case,  necessary.  After 
a  lift  of  100  fms.  has  been  turned  into  pillars,  these  are  themselves 
extracted,  by  taking  as  many  '  slices '  as  possible  across  level  course, 
and  a  few  lifts  to  the  full  rise.  The  tubs  are  drawn  up  the  main 
incline  in  sets  of  six  or  seven,  each  tub  holding  about  8  cwts.  of  coal, 
and  being  filled  only  level  with  the  sides.  A  comparatively  wide 
gauge  roadway  is  used,  the  width  between  the  rails  being  3  ft.  2  in. 
This  is  found  necessary  to  prevent  the  tubs  from  overbalancing^  in 
the  levels.  ° 

*  Term  used  in  Scotland  for  balance  incline  or  jig  brow. 
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Main  inclines  from  the  surface  work  very  well  when  the  distance 
is  not  very  great  (300  fms.  or  so),  and  when  the  inclination  is  steep 
enough  to  admit  of  a  cage  being  used,  but  where  the  inclination  is 
between  30^  and  45**  vertical  shafts  are  to  be  preferred,  as  offering 
better  facilities  for  winding  and  for  dealing  with  water. 

*  At  the  Shamrock  Colliery,  Westphalia,  where  the  seams  dip  at 
an  angle  of  45*,  a  rather  peculiar  and  complicated  method  of  working 
is  carried  out.  The  seam  worked  is  from  7  to  8  ft.  thick,  and  con- 
sists of  a  single  bed  of  coal  without  any  bands  of  dirt,  the  holing 
being  done  next  the  floor.  The  method  of  working  adopted  is  illus- 
trated in  fig.  1 38.      It  is  carried  out  in  stages  or  panels  of  200  yds.  from 


J I  :.  138. — Method  of  working  at  Shamrock  Colliery. 


top  to  bottom,  each  panel  being  served  by  a  main  or  bottom  level. 
The  ground  between  two  main  levels  is  divided  into  great  blocks  or 
pillars  330  yds.  wide,  by  headings  B,  B  driven  to  the  rise,  which  serve 
as  self-acting  inclined  planes  for  letting  the  coal  down  to  the 
bottom  level.  These  large  blocks  are  subdivided  horizontally  into 
three  parts  by  two  intermediate  levels,  and  into  two  parts  on  the 
line  of  dip  by  a  central  heading  A,  which  is  used  for  sending  rubbish 
down  into  the  workinga 

At  the  point  where  the  central  heading  A  intersects  the  higher 
level,  a  small  shaft  X,  20  ft.  deep,  is  sunk  to  serve  as  storage  room 

•  Lectures  on  Mining,  subj.  5,  pp.  32-35,  by  Prof.  Wm.  Galloway. 
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for  this  rubbish  which  is  used  for  filling  up  the  workings.  The 
bottom  of  this  shaft  is  connected  to  the  central  heading  A  by  a 
short,  level,  cross-measure  drift.  All  the  rubbish  which  results  from 
the  driving  of  cross-measure  drifts,  and  from  the  enlargement  of 
roadways,  etc.,  as  well  as  that  brought  from  the  surface,  is  tipped 
into  this  shaft,  from  which  the  men  who  attend  to  the  stowing  of 
the  workings  derive  their  supplies,  which  are  subsequently  sent  down 
the  central  incline  A  into  the  workings  of  the  three  sub-stages.  The 
three  sub-stages  provide  six  level-course  working  places,  three  at  the 
points,  L,  M,  N,  and  three  at  the  corresponding  points,  0,  P,  Q,  on 
the  opposite  side  of  the  heading  A.  While  the  three  working 
places  on  one  side  of  the  central  incline  are  producing  coal,  the  three 
on  the  other  side  are  being  stowed,  and  vice  versa.  When  the  work 
of  stowing  the  three  places  on  one  side  has  been  completed,  the 
stowers  and  miners  exchange  places.  Protection  pillars  having  been 
left  on  the  sides  of  the  central  incline,  these  are  now  taken  out  and 
replaced  by  stowing  after  the  sub-stages  have  been  exhausted.  The 
lower  end  of  the  central  heading  is  always  stowed  up  carefully  at  the 
commencement,  in  order  that  the  air  which  enters  by  the  lower  cross- 
measure  drift  may  be  compelled  to  pass  to  the  right  and  left  of  the 
sub-stage  workings.  It  then  finds  its  way  up  the  coal  inclines,  along 
the  haulage  roads  to  the  working  places,  along  the  faces  to  the 
central  incline,  and  through  the  latter  into  the  next  higher  level. 

In  the  accompanying  illustration,  A,  A  are  central  inclined  planes,  in 
which  the  rubbish  is  let  down  from  the  higher  level ;  B,  B  are  inclined 
planes  for  letting  dawn  coal  into  the  lower  level ;  C,  C,  bottom  level 
of  the  stage  which  is  being  worked,  stowed  with  rubbish  ;  D,  D  and 
E,  E,  levels  of  the  sub-stages,  also  stowed  up ;  and  F,  F,  roads  along 
which  the  coal  is  hauled  from  the  working  places  to  the  coal 
inclines. 

G,  G  are  roads  along  which  the  stowing  is  hauled  from  the  central  in- 
cline to  the  working  places.  After  the  working  places  have  been  driven 
out  to  the  limit  of  the  sub-stage,  these  roads  become  hauling  roads 
for  coal  from  the  working  places  next  above.  J,  J  are  protection 
pillars,  and  H,  H,  doors  provided  with  regulators  for  distributing 
the  ventilating  current  to  each  set  of  working  places.  L,  M,  and  N  are 
working  places  which,  after  producing  coal  for  a  certain  time,  are 
eventually  stowed  up,  and  O,  P,  Q  are  places  which  are  in  process  of 
being  stowed  with  rubbish,  and  are  afterwards  occupied  as  working 
places  for  coal. 

R,  S  are  short  cross-measure  drifts  to  a  lower  seam,  16  in.  thick,  in 
which  a  level  is  driven  under  the  workings  of  the  lowest  sub-stage  to 
form  a  communication  with  the  main  cross-measure  drift  for  haulage 
and  ventilation. 

The  cost  of  working  by  this  method,  with  complete  stowing,  is 
returned  at  2/0 -Td.  per  ton  got,  including  the  cost  of  landing  the 
coal  at  the  bottom  level.     It  was  found  from  experience  that  the 
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additional  proportion  of  large  coal  obtained  by  this  system  of  work- 
ing, compensated  to  a  gi'eat  extent  for  the  additional  cost  of  complete 
stowing. 

*At  the  Tesla  Mines,  Alameda  County,  California,  seams  of  coal 
are  worked  which  have  an  inclination  of  60^.  In  one  of  these  seams 
they  have  adopted  a  system  called  the  Angle  Method  of  Working. 
The  seam  in  this  instance  is  between  10  and  11  ft.  thick,  and  is 
divided  into  two  benches  by  a  clay  band  6  to  18  in.  in  thickness. 
The  upper  bench,  which  is  from  6  to  8  ft.  thick,  is  the  portion  that 
is  utilised.  There  are  three  different  systems  of  working  the  seam 
now  in  operation,  but  the  Ancle  Method  was  found  to  be  most 
suitable  in  this  case.  This  system  will  be  understood  from  the  illus- 
tration shown  in  fig.  139. 


C  I- 


Fig.  139. — Angle  system  of  working  at  Tesla  Mines,  California. 

In  this  system  the  gangway  chutes  are  driven  at  right  angles 
to  the  strike  of  the  seam  40  ft.  up  the  pitch;  a  cross-cut  6  ft.  by 
5  ft.  is  then  driven  parallel  with  the  gangway.  From  this  cross-cut, 
chutes  are  driven  at  an  angle  of  35°,  at  the  same  distance  apart  as 
the  gangway  chutes  (30  ft.) ;  cross-cuts  for  ventilation  being  driven 
every  40  ft.  between  the  chutes. 

After  a  panel  of  five  or  more  chutes  has  been  driven  for  the 
required  distance,  work  is  commenced  on  the  upper  outside  pillar, 
the  pillars  on  that  line  are  drawn  and  the  next  line  of  pillars 
attacked,  and  this  is  continued  until  th^  panel  or  block  is  worked 
down  to  the  cross-cut  over  the  gangway.  About  every  80  ft.  in  this 
level  it  is  found  advantageous  to  pack  a  row  of  cogs,  parallel  with  the 
strike   of  the  seam,  as  the  pillars  are  taken  out.     This  serves  to 

•  Mines  and  Minerals^  Oct.  1898. 
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prevent  the  crushing  of  the  pillars,  and  prevents  any  accidents  from 
falls  of  rock. 

In  the  regular  working  places  little  timber  is  required,  as  the  roof 
is  very  good.  It  is  claimed  for  this  system  of  working  that  the  coal 
imdergoes  less  breakage  than  in  the  method  where  vertical  chutes 
are  used,  while  in  the  matter  of  timber  a  considerable  saving  can  be 
effected. 

In  the  No.  7  or  Summit  scam  a  rather  different  method  has 
been  adopted.  This  seam  averages  7  ft.  of  clear  coal  without  foreign 
matter  of  any  kind.  The  roof  is  good,  being  composed  of  a  shelly 
slate,  while  the  floor  is  a  hard,  compact  sandstone,  and.  it  is  in  this 
latter  that  the  chutes,  airways,  inclines,  and  other  openings  necessi- 
tated by  this  method  of  working  and  the  characteristics  peculiar  to 
the  seam  are  driven.     The  method  of  working  this  seam  is  shown  in 


Manway  &  Air  Course 
Chute  ' 


Via.  li'^, — Metho  I  of  working  tlie  Summit  ssaiii  at  Tesla  Miues,  California. 

fig.  140.  Two  double  chutes  are  driven  up  the  pitch,  or  to  the  full 
rise,  at  a  distance  of  36  ft.  apart,  connected  every  40  ft.  by  cross-cuts, 
one  side  of  each  chute  being  used  for  coal  and  the  other  side  as  a 
manway  and  air  course. 

At  distances  of  12  yds.  apart,  small  gangways  are  driven  parallel 
with  the  main  mine  gangways.  These  are  continued,  if  the  con- 
ditions warrant  it,  from  each  chute  for  a  distance  of  300  ft.  The 
top  line  of  pillars  is  then  attacked  from  the  rear,  and  the  coal  is 
worked  on  the  cleavage  planes;  the  breast,  or  room,  therefore, 
consists  of  a  12-yd.  face,  including  the  drift  or  gangway  through 
which  the  coal  is  carried  to  the  chutes  ;  a  rib  of  coal,  2  or  3  ft.  thick, 
being  left  between  each  breast  to  prevent  any  rubbish  from  falling 
on  the  breast  below.  Thus,  in  each  breast  the  miners  have  a  working 
face  of  about  15  or  16  yds.,  and  as  the  coal  is  delivered  into  the  tubs 
at  no  cost,  but  little  loss  results  from  the  falling  coal. 
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Immediately  above  each  gangway,  and  starting  from  the  main 
chutes,  an  angle  chute  is  driven  at  about  45*,  connecting  with  the 
breast  gangway  above  it,  and  into  these  chutes  the  coal  from  that 
breast  is  delivered,  and  runs  into  the  main  chute,  from  which  it  is 
loaded  into  the  tubs  in  the  main  gangway.  These  angle  chutes  serve 
as  a  means  of  keeping  the  main  chute  full,  and  at  the  same  time 
giving  each  breast  an  opportunity  of  sending  out  coal  continuously. 
They  also  serve  the  purposes  primarily  intended,  of  saving  the  coal  from 
breakage,  by  giving  it  a  more  gradual  descent  into  the  full  chute. 
The  breast  gangways  are  driven  5  ft.  wide.  No  timbers  are  needed 
in  these  gangways  as  they  are  driven  in  the  coal.  It  is  found  safest 
to  leave  a  rib  of  coal  on  the  top  of  the  breast,  2  or  3  ft.  thick,  imtil 
the  working  face  has  proceeded  12  or  15  ft.,  when  this  rib  is  cut  out 
and  thus  all  the  coal  is  extracted,  the  roof  falling  behind  and  filling  in 
the  opening.  As  cross-cuts  are  driven  every  36  ft.,  ventilation  is  kept 
up  along  the  working  faces,  and  a  safe  and  effectual  means  of  securing 
all  the  coal  in  the  seam  is  thus  attained.  An  inclined  plane  is  con- 
structed as  soon  as  the  main  gangways  are  far  enough  advanced,  in 
order  to  dispense  with  the  chutes.  It  wiU  be  seen  that  by  this 
system  the  coal  is  worked  out  in  panels  from  250  to  350  ft.  in  length, 
but  where  the  conditions  wiU  permit  it,  and  where  the  lift  is  a  high 
one,  as  in  this  instance  (600  ft.),  longer  panels  are  without  doubt 
more  economical  As  each  breast  works  up  to  the  chute  or  incline, 
a  solid  stopping  of  old  timber  is  built  across  the  top  of  the  chute, 
and  all  falling  rock  is  thus  eflfectually  stopped. 

When  the  seams  are  thin  and  highly  inclined  a  method  of  working 
termed  *  Gradins  Ren  versus '  or  *  inverted  steps '  is  often  adopted  in 
Belgium  and  other 
European  countries. 
The  seam  is  worked  in 
the  longwall  method, 
with  the  face  advancing 
in  the  line  of  strike. 
The  system  is  much 
like  that  adopted  at  the 
Niddrie  Collieries,  and 
which  has  already  been 
fully  described.  The 
working  face  advances 
in  the  direction  indi- 
cated by  the  arrow 
(fig.  141).  The  miner, 
standing  on  a  planking 
beneath  him  or  perched 
on  the  props  stanchioned  between  the  roof  and  floor,  operates  on  the 
vertical  face  of  the  coal  in  his  stall,  while  solid  coal  overhangs  him. 
D  is  the  drawing  road  leading  to  the  main  haulage  road,  and  receives 
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Fig.  141. — Gradins  Renvers^ 
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the  coal  from  the  stalls  through  the  chimneys  C,  C,  left  in  the  gob 
or  waste.  Each  chimney  is  provided  at  the  bottom  with  a  hopper 
door,  which  is  opened  when  a  tub  is  brought  under  it  to  be  filled. 
As  far  as  possible,  it  is  sought  to  keep  the  chinmeys  full  of  coal,  but, 
even  with  careful  supervision,  this  is  not  always  attained.  An  obvious 
inconvenience  attaching  to  these  chimneys  is  the  liability  of  the  coal 
to  get  jammed,  while  they  always  present  a  source  of  danger  to  the 
passage  of  men  over  them. 

The  height  of  a  step  or  stall,  which  varies  in  different  localities 
from  2  to  4  yds.,  is  determined  by  local  circmnstances,  chief  among 
these  being  the  nature  of  roof  and  pavement,  the  amount  of  gas  con- 
stantly given  off  from  the  coal,  and  the  liability  to  sudden  outbursts 
of  gas.  Other  things  equal,  the  height  of  each  step  regulates  the 
rate  of  daily  advance. 


Fig.  142. —Working  by  'inverted  steps.* 

When  the  height  given  to  a  stage  is  considerable,  one  or  more 
intermediate  or  false  levels  (A,  A,  fig.  142),  communicating  with  the 
lower  level  by  means  of  inclined  planes  through  the  gob,  serves  to 
divide  the  distance  and  to  limit  the  length  of  the  chimneys. 

Double  and  Single  Stall  Methods. — In  South  Wales  a  method  of 
working  is  adopted,  which  is  peculiar  to  that  district,  although,  in 
some  of  the  other  coalfields  of  Britain,  modifications  of  this  system 
of  working  are  sometimes  met  with. 

This  is  the  single  stall  system  in  which,  instead  of  a  pair  of  narrow 
levels  being  driven  as  in  ordinary  pillar  and  stall  working,  a  stall 
about  8  yds.  wide  is  carried  forward. 

Any  rubbish  that  is  found  in  the  seam  is  tightly  stowed  in  the  place 
as  it  advances,  a  drawing  road  being  formed  on  the  down-side  next 
the  coal,  while  on  the  up-side  an  air-way  is  formed.  When  the  main 
levels  have  been  driven  out  a  considerable  distance  to  form  a  shaft 
pillar,  headings  of  the  same  width  as  the  levels  (8  or  9  yds.)  are  set 
away  to  the  full  rise,  with  the  drawing  road  and  air-way  formed  in 
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the  same  way.  From  these  headings,  stalk,  parallel  to  the  main  levels 
or  level-course,  are  branched  off  every  20  to  24  yds.  between  centres 
lliese  stalls  are  driven 
6  or  7  ft.  wide  for  a  few- 
yards,  when  they  are 
opened  out  to  10  or  12 
yds.,  according  to  the 
amount  of  rubbish  avail- 
able and  the  depth  from 
the  surface.  The  stalls 
are  worked  in  exactly 
the  same  manner  as  the 
levels  and  headings,  the 
roadway  being  formed  on 
the  down-side  of  the  road 
and  the  air-way  on  the 
rise,  the  space  between 
firmly  packed. 

Headings  are  driven  off 
the  levels  at  distances  of 
100  yds.  apart  forming 
a  sort  of  panel,  and  a 
narrow  drift  is  formed  in 
each  of  these  panels  be- 
tween the  main  level  and 
the  lower  stall  (B,  fig. 
143)  to  admit  of  the  air 
passing  from  the  main 
level  into  the  stall  work- 
ings. 

The  stalls  of  the  head- 
ing are  di-iven  out  for  a 
distance  of  75  yds.,  and 
then  they  are  driven 
narrow  for  a  distance  of 
15  yds.  or  so,  until  the 
next  heading  is  cut  into, 
thus  forming  a  connection 
between  the  different 
headings  for  ventilation. 
When  the  second  heading 
has  been  put  up  and  stalls 
formed  off,  parallel,  and 
opposite  to  those  on  the 
first   heading,    the    stalls 

first  driven  are  then  worked  (to  the  first  heading),  leaving  a  pillar 
15  yds.  thick  to  protect  the  headings      The  pillar  between  the  stalls 
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is  thus  brought  back  to  the  required  distance.  The  same  process 
is  carried  on  throughout,  headings  being  turned  off  the  main  levels 
at  regular  intervals,  and  a  block  of  coal  is  left  alongside  the  main 
road  until  the  latter  has  reached  its  destination,  when  it  may  be 
worked  back  towards  the  shaft. 

The  double  stall  system  is  similar  to  the  single  stall  system, 
with  the  exception  of  the  stalls  being  driven  very  much  wider,  and 
two  roadways  being  formed  instead  of  one  roadway  and  an  air-way. 
Main  levels  are  driven  out  from  each  side  of  the  shaft  as  before,  but 
in  double  stall  working  these  levels  are  often  driven  narrow,  9  ft.  or 
so,  and  headings  are  put  away  to  the  full  rise,  8  yds.  wide,  a  block 
or  panel  of  coal  of  90  yds.  being  left  between  the  headings.  From 
these  headings  roads  are  turned,  parallel  to  the  main  level,  but  instead 
of  these  being  single  roads,  as  in  the  single  stall  system,  two  roads  are 
set  away  with  18  yds.  of  coal  between  them,  and  after  being  driven 
a  short  distance  they  are  opened  out  and  connected,  thus  forming 


Fig.  144.— Double  stall  system. 

a  place  22  to  24  yds.  wide.  The  roads  are  formed  one  on  each  side 
next  the  solid  coal,  and  the  space  packed  between  them,  and  in  this 
way  they  are  carried  forward  until  within  15  yds.  of  the  next  head- 
ing, when  one  of  the  roads  is  continued  through  to  the  heading  and 
forms  an  air-way. 

The  pillar  left  between  two  stalls  is  then  worked  back,  each  road 
taking  a  slice  equal  to  half  the  pillar  or  about  6  yds.  This  back- 
lift  is  brought  to  within  30  ft.  or  so  of  the  heading,  being  left 
for  protection  until  the  latter  is  finished,  when  it  may  be 
extracted. 

These  systems  of  working  are  best  suited  for  seams  having  a  large 
amount  of  rubbish,  with  which  to  stow  the  space  between  the  roads 
properly,  because  if  the  separating  pack  is  not  well  built  the  ventila- 
tion will  suffer.  A  large  percentage  of  the  coal  in  both  systems  is 
either  lost  or  rendered  useless  through  the  small  pillars  or  stximps 
left,  for  protecting  the  headings  and  levels,  becoming  crushed  to  dust, 
and  it  is  a  question  if  longwall  would  not  be  in  any  case  better  suited 
in  districts  where  single  or  double  stall 's  now  worked. 
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Workmg  Thick  Seams. — In  Britain  and  also  in  other  European 
countries,  seams  of  great  thickness  are  found,  which  are  often  difficult 
to  work. 

At  Quarrelton,  near  Johnstone,  Scotland,  a  very  thick  seam  of 
coal  is  found,  60  to  90  ft.  thick,  in  a  trough  or  basin ;  but  here  the 
seam,  being  found  near  the  surface,  was  worked  chiefly  on  the  open- 
cast principle.  Shafts  were  also  sunk  to  win  some  of  the  deeper 
and  more  thickly-covered  parts,  but  the  coal  being  of  poor  quality 
and  ready  to  take  Are,  little  has  been  worked. 

In  South  Staffordshire  the  valuable  *  Dudley  Thick '  or  *  Ten  Yard 
Seam  *  is  found,  of  a  thickness  varying  from  25  to  37  ft. 

This  seam  has  been  worked  at  various  times  in  three  different 
ways,  viz.: — (1)  square  work;  (2)  long  wall,  the  face  being  extracted 
in  two  portions ;  (3)  longwall,  the  whole  of  the  face  being  removed 
at  one  operation. 

The  first  method  is  the  one  that  is  most  largely  and  successfully 
followed,  the  other  two  methods  being  almost,  if  not  quite,  abandoned. 

In  working  this  thick  seam,  no  matter  what  system  is  adopted,  it 
is  an  invariable  rule  to  first  drive  out  the  roads  to  the  boundary  of 
the  royalty  and  then  work  back  towards  the  shaft. 

Square  Work. — In  this  method  of  working  after  the  gateroad  and 
air-head  (A  and  B,  fig.  145)  have  reached  the  boundary  of  the 
royalty,  the  first  operation  is  to  drive  a  narrow  herid  called  a  bolt- 
hole  (C,  fig.  146).  When  this  has  reached  a  distance  of  between 
10  and  15  yds.,  its  width  is  increased  to  6  or  even  9  yds., 
when  it  practically  becomes  a  stall  (D,  fig.  145).  In  driving  these 
stalls,  the  next  step  taken  is  to  *  hole  *  or  *  kirve '  the  benches  for 
a  distance  of  about  9  yds.,  the  roof  being  supported  by  small  cogs  of 
slack  and  timber  or  by  short  sprags.  The  *  slipper  ^  and  *  sawyer ' 
parts  of  the  seam  will  then  be  vertically  cut  on  both  sides  of  the  stall, 
*  spurns '  or  intervals  of  solid  coal  being  left  every  6  ft.,  as  in  the 
case  of  gateroads.  When  these  *  spurns  *  are  removed,  it  frequently 
happens  that  the  'patchells'  and  *  stone'  coal  fall  with  the  *  slipper' 
and  *  sawyer';  if  this  occurs,  the  sides  are  dressed  straight  and 
timbering  put  in  to  support  the  roof.  Further  lengths  of  9  yds. 
are  similarly  attacked  in  the  stall  (C,  fig.  145),  until  the  back  rib 
is  reached.  While  this  has  been  going  on,  other  stalls  (E,  F,  G, 
figs.  145,  146)  have  been  driven  in  the  directions  shown  by  the 
dotted  lines,  and  finally  the  pillars  will  be  *  thirled*  by  means 
of  the  short  lengths  shown  (K,  L,  M,  N,  0,  fig.  146).  After  the 
driving  of  the  stall,  R,  the  side  of  work  is  fully  opened,  and  cutting 
in  of  the  top  coal  begins. 

This  proceeds  in  the  same  manner,  each  layer  or  bed  of  coal  being 
removed  in  ascending  order.  If  the  roof  is  very  good  a  long  range 
can  be  taken,  but  it  is  far  better  to  carry  out  this  part  of  the  work 
in  short  ones;  distances  of  20  yds.  being  taken  and  a  timber 
cog  built  up  to  the  roof.     A  vertical  groove  will  then  be  cut  on  each 
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Pios»  145,  146,  147.— WorkiDg  thick  seam  in  South  Staffordshire. 
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side  of  the  staU  and  on  the  face  of  the  cog,  treating  the  latter  as  if 
it  were  solid  coal,  spurns  being  left  as  before ;  their  appearance  when 
the  *  brazils'  and  *  heath'  coal  are  being  cut  is  shown  in  fig.  147. 
When  these  'spurns'  are  taken  out  (as  shown  at  B,  fig.  U7)  and  the 
timber  removed,  the  whole  mass  within  the  portion  cut  falls  down 
and  is  ready  for  loading  up.  Similarly  a  layer  of  top  coal  m  removed 
all  over  the  side  of  the  work,  and  when  this  is  dune  the  '  white  coal 
and  then  the  top  *  slipper'  coal  will  be  attacked,  and  the  same  cycle 
of  operations  gone  through,  until  these  seams  have  been  cut  in 
No  attempt  is  made  to  get  the  *  roofs';  sometimes,  however,  they 


/ioofs  I  'i- 
Top  Sfipper/'e 
White  Coat  I  /J 

Lambs  I 
Tow  Coal  2-2 

Brazils  1-6 

rep  Foot  Coal  t-O  * 
Bottom  Foot  Coal  6 

S/ips   2'o' 

Hard  Stone  O' 4' 

Scons  Coal   2  4' 

Pat  Che  IIS      0  8 

Sawyer      2  0 

Slipper     2  6 

Batt     0  3' 
Benches   2  0" 


Fig.  148.— Section  of  *  ten  yard  seam/  Dudley 

break  down  without  the  superincumbent  strata  following,  in 
case  they  are  removed  as  speedily  as  possible.     In  cutting  i 
coal,  the  workmen  stand  on  a  platform,  constructed  by  c 
holes  in  the  solid  coal  and  inserting  short  timbers,  on  ^vhr 
is  placed.     A  frequent  occurrence  is  to  build  timber  c 
roof  when  the  bottom  coals  have  been  removed;   tho 
placed  in  the  openings  between  the  solid  pillars  of 
this  is  done  the  latter  are  reduced  in  a  marked  d^i^^^* 

The  other  two  methods  of  working  have  not 
results  as  *  square'  work,  owing  to  the  large  ann 
duced,  while  a  smaller  yield  per  acre  was  likewise 
the  alternative  longwall  systems. 


CHAPTER  Vm. 

TIMBERING  KOADWAYS,   Bxa 

Necessity  for  Timbering. — ^When  roadways  are  opened  out  under- 
ground, they  must,  as  we  have  already  seen,  be  supported  in  some 
manner  in  order  to  keep  them  secure  and  safe  for  traffic.  Upon  the 
artificial  supports  which  are  generally  used  depend  the  lives  of  those 
employed,  and  the  regularity  of  the  coal  output.  The  proper 
timbering  of  the  underground  workings  is  therefore  of  the  utmost 
importance.  When  it  is  remembered  that  about  50  per  cent,  of  the 
total  number  of  accidents  which  occur  underground  are  due  to  falls 
of  roof  and  sides  in  the  roadways  and  at  the  coal-face,  the  necessity  of 
paying  conaidemble  attention  to  proper  spragging  and  propping 
becomes  even  more  manifest. 

The  principle  which  sliould  be  observed  is  **  that  timbering  is  not 
for  a  bad  roof  only :  it  is  intended  to  prevent  a  so-called  good  roof 
from  becoming  bad," 

A  bad  roof  is  often  defined  to  be  one  which  requires  the  application 
of  systematic  support,  while  a  good  one  is  supposed  to  require  no 
such  methodical  treatment. 

A  roof  may  be  bad  in  itself,  owing  to  the  slight  cohesion  of  its 
particlesj  as  in  a  fireclay  roof.     It  is  then  called    'tender.*     What 
in\Ly  be  a  good,  strong  roof  in  itself  may,  on  the  other  hand,  be  so 
of    *  lipes '  and   *  faults  *  as  to  form  a  very  treacherous  roof. 
bLowd  (Chap.  VII.,  p.  114),  the  difficulty  or  otherwise 
ijiiQinji  a  roof  will  depend  a  great  deal  on  the  direction  in 
Iways  are  driven,  t.e,  at  right  angles  to  the  cleavage  in 
parallel  with  it. 

Sawyer  says : — "  It  is  fallacious  to  suppose  that  what 

oijfs  need  be  productive  of  more  accidents  than  good 

litihji^^  numerous  dislocations,  lying  much  in  the 

uecessilate  a  specially  systematic  kind  of  timbering, 

L  part  of  this  chapter  is  from  a  paper  on  "Timbering and 
^Hinl  Workings,"  raad  by  the  autnor  before  the  Mining 
Decc^mber  1898,  and  published  in  the   Transactions  of 
of  Mining  Engineers^  vol.  xvi.  pp.  230-248. 

;  in  Mines,  1886,  by  Mr  A.  R.  Sawyer,  p.  28. 
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which  will  ensure  comparative  safety ;  while  a  good  roof,  in  which 
dislocations  occur  rarely,  but  unexpectedly,  may  be  fraught  with 
danger  from  the  want  of  a  rigid  method  of  timbering,  irrespective  of 
whether,  in  individual  places,  posts  are  absolutely  required  or  not." 

The  timbering  of  the  workings  is  done  sometimes  by  the  miners 
themselves,  and  sometimes  by  special  workmer .  In  Northumberland 
and  Durham  the  whole  of  the  timbering  at  the  faces  or  walls  is  done 
by  *  deputies,*  these  men  devoting  their  whole  time  to  the  work. 
Where  such  arrangements  are  in  force  the  colliers  at  the  face  have 
nothing  to  do  with  the  propping. 

In  other  districts,  as  in  Lancashire,  Wales,  and  Scotland,  the  whole 
of  the  timbering  at  the  working  faces,  and  often  some  distance  back 
in  the  roadways,  is  performed  by  the  colliers  themselves,  without  any 
aid  from  deputies. 

Much  difference  of  opinion  exists  as  to  which  is  the  better  and 
safer  method.     There  are  arguments  for  both  sides,  but  the  writer  is 
of  opinion  that  the  system  of  making  the  miner  responsible  for  the 
timbering  is  the  one  most  likely  to  secure  attention  to  the  safety  of 
the  roof  and  sides.     The  miner,  being  continually  employed  in  his 
own  stall,  is  more  likely  to  detect  any  change  in  the  condition  of  the 
roof  than  a  deputy  who  only  visits  the  stalls  at  intervals.    The  miner, 
too,  is  always  at  hand  to  set  a  prop  in  cases  of  emergency,  and  will 
take  an  interest  in  keeping  his  place  secure  for  his  own  sake.     It 
has  been  urged  that  no  man  is  more  careless  of  his  own  safety  than 
the  miner,  and  perhaps   there   is  some  truth  in  this,  even  good, 
reliable  men  often  falling  victims  to  their  own  carelessness.     Whil' , 
the  miner  ought  to  have  the  proper  timbering  of  his  working  pla/*  "^ 
his  own  hands,  more  power  ought  to  be  invested  in  those  sup^.**  ®  /^P 
his  work,  such  as  firemen,  to  compel  the  adoption  of  a  st*'  ^^^,  ^? 
method  of  propping  and  to  put  up  props  at  stated  dista?^     *  ^^h 
whether  the  roof  is  apparently  good  or  not.  sf^cX  beinff 

The  Royal  Commission,  in   their  Report  on  Accider    ,     °  ,     ,    ^ 
recommended  attention  to  the  following  points  in  co ''     '  ^ 

timbering:—  ^f^^^   ^^^^    ^^ 

(1)  The  maintenance  of  ample  supplies  of  timber  in  localitierL .    ^^  ,      ^  ^ 

workmen.  ^^^  ?^  dross  pro- 

(2)  The  proper  training  of  each  miner  to  the  best  meth  obtamed  by  both 

otherwise  protecting  his  working  place. 

(3)  The  exercise  of  increased  care  on  the  part  of  the  work 

roof,  sides,  and  faces,  and  protecting  themselves  ir 

(4)  The  introduction,  as  far  as  possible,  of  arrangemer 

which  will  make  it  their  mterest  not  to  avoid  t^ 
the  necessary  timber  for  their  protection. 

(5)  The  employment  of  special  timber  men  or  deputies   ^ 

main-ways,  and  also  for  the  repair  as  well  as  th< _ 

(6)  Preventing  timber  being  left  in  the  goaf  of  longwall  workings  wl^ich  would 

have  the  effect  of  breaking  the  roof. 

(7)  Driving  the  working  places  as  rapidly  as  possible,  by  shifts  q^  an  ample 

number  of  workmen  at  each  face,  and  so  reducing  the  risk  of  falls  and 
exposing  the  least  number  of  men  to  danger  at  any  one  time ' 
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These  instructions,  if  they  could  be  rigidly  carried  out,  would  tend 
in  a  large  measure  to  reduce  the  number  of  accidents  to  a  minimum. 
It  is,  however,  impossible  to  lay  down  any  general  rule  for  the 
timbering  of  mines,  which  would  be  satisfactory  under  all  circum- 
stances, and  applicable  to  all  mining  districts. 

Timbering  may  be  divided  into  two  distinct  operations,  namely : — 

(1)  Timbering  the  working  faces. 

(2)  Timbering  or  supporting  the  drawing  and  main  roads. 

The  timbering  or  supporting  of  the  roof  may  be  done  in  a  variety 
of  ways,  according  to  its  nature  and  that  of  the  floor  and  sides,  and 
may  be  carried  out  as  follows : — 

(a)  By  packing  the  waste  entirely,  where  sufficient  rubbish  can  be 
got,  and  timbering  at  the  face  and  roads,  as  in  longwall. 

(6)  By  partial  packing  of  the  waste  or  goaf,  by  buildings  or  stone 
pillars  with  intervening  spaces,  and  timbering  in  the  face 
and  roads. 

(c)  By  timbering  at  the  face  and  in  the  roads,  and  leaving  wood  or 

stone  pillars  in  the  waste  as  supports.  This  is  the  usual 
practice  where  no  packing  material  can  be  obtained  from 
the  seam. 

(d)  By  timbering  alone,  without  any  packing  whatever,  as  in  bord 

and  pillar,  or  in  longwall  on  the  retreating  system. 

(e)  Supporting  the  main  roads  with  brick  arching,  steel  or  iron,  or 

with  combinations  of  masonry  and  iron,  or  steel  work. 

Timber. — For  underground  work  the  different  varieties  of  timber 
used  in  Great  Britain  are  larch,  Scotch  fir,  Norwegian  pine,  and  some- 
times oak  and  beech. 

For  ordinary  timbering  Scotch  fir  is  largely  used,  particularly 
where  the  timber  does  not  require  to  be  heavy,  and  where  the 
pressure  is  not  great ;  but  in  haulage  and  main  roads  that  require  to 
be  kept  open  for  some  time,  larch  has  been  found  to  give  the  best 
results,  both  as  regards  durability  and  economy. 

Oak  is  an  excellent  wood  where  great  pressure  is  likely  to  be  met 
with,  but  the  cost  of  such  timber  is  high,  and  it  is  difficult  to  get 
straight  pieces  of  any  length,  while  it  is  also  a  difficult  wood  to  dress. 

Any  vAood  that  is  long-grained  and  elastic,  and  will  yield  to  pres- 
sure or  thrust,  is  suitable  for  mine  timber,  because  props  of  such 
wood  often  serve  the  purpose  for  which  they  are  used,  even  when 
partially  fractured. 

Beech  props  are  short-grained,  more  or  less  brittle,  and  break  off 
short  under  crushing  stresses.  Their  great  weight,  too,  as  compared 
with  other  wood,  and  the  consequent  difficulty  in  handling  them, 
militates  against  their  use  underground. 

Methods  of  Support. — In  timbering  at  the  face,  single  props  are 
usually  set  with  a  *  lid '  or  *  bonnet '  on  the  top.     The  *  lid '  may  be 
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either  a  square,  half-round,  or  round  piece  of  timber.  Very  often 
fractured  props  are  sawn  in  pieces  for  this  purpose.  The  lid  prevents 
the  wt'ght  from  coming  on  the  prop  suddenly  and  fracturing  it ;  it 
also  gives  additional  resistance  to  the  prop,  and  spreads  the  pressure 
over  a  larger  area.  In  mines  where  the  pavement  (floor)  is  hard  and 
slippery,  the  props  are  often  pointed,  so  that  they  will  crush  up  when 
the  pressure  comes  on,  and  grip  the  floor,  and  thus  be  prevented 
from  sliding  away  at  the  foot.  Figs.  149  to  154  show  some  of  the 
diflerent  methods  of  setting  single  props  adopted  at  the  working 
face. 


i^'ius.  149-154. — Methods  of  supporting  roof. 

Wooden  chocks  or  pillars  are  also  largely  used  for  supporting  the 
roof  in  main  roads,  particularly  in  longwall  workings  where  there 
is  insufficient  rubbish  to  completely  pack  the  entire  goaf. 

These  wood  chocks  are  composed  of  either  round  or  square  pieces 
of  timber,  from  3  to  6  ft.  long  and  sometimes  larger. 

The  pieces  of  timber  are  laid  lengthwise  horizontally,  and  another 
layer  is  laid  on  at  right  angles,  this  alternation  being  continued  up 
to  the  roof,  the  topmost  layer  being  driven  tight  with  wedges. 
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The  open  spaces  between  the  layers  of  timber  are  sometimes  filled 
in  with  rubbish.  If  the  chocks  have  to  be  withdrawn,  as  they  often 
are  in  longwall  faces,  they  are  built  on  a  layer  of  loose  material,  which 
facilitates  their  removal  when  required. 

Fig.  155  shows  the  method  of  using  these  chocks. 

In  setting  props  at  the  face  it  is  unusual  to  set  them  at  right 
angles  to  the  inclination  except  in  flat  seams;  the  greater  the  in- 
clination the  more  the  props  are  set  off  the  perpendicular,  or  *  under- 
set.' The  props  when  set  should  lie  towanis  the  rise  of  the  seam, 
as  this  is  found  to  give  the  best  results.  On  the  other  hand,  they 
should  not  be  too  much  *  underset,'  as,  in  such  circumstances,  they 
offer  less  resistance  to  the  roof,  while,  as  they  also  require  to  be 
longer,  they  are  consequently  weaker. 


Fig.  155.— Wood  chock. 


The  amount  of  *  underset '  or  inclination  given  to  the  props  ought 
to  vary  with  the  degree  of  dip,  for  props  set  with  the  same  inclination 
in  a  steep  seam,  as  in  a  comparatively  flat  one,  would,  in  the  former 
case,  be  apt  to  fall  out  before  the  pressure  of  the  roof  had  tightened 
them. 

Mr  A,  R.  Sawyer  gives  the  following  table,  which  shows  the 
maximum  and  minimum  angles  at  which  props  should  be  set  in 
varying  inclinations. 


Degree  of 

Angle  or  '  and 

erset '  of  props. 

inclination 

of  seam. 

Minimum. 

Maximum. 

6* 

0' 

1' 

12' 

0' 

2' 

18' 

r 

3' 

24' 

r 

4* 

30- 

2' 

5' 

36* 

2^ 

6' 

42- 

2" 

7' 

48' 

3' 

8' 

54' 

3' 

9* 
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"  This  allows  a  liberal  margin  for  practical  difficulties  in  setting, 
and  the  angles  given  should  not  be  exceeded." 

Timbering  the  roadways  is  practised  in  a  variety  of  ways,  according 
to  the  nature  of  the  roof,  floor,  and  sides.  When  the  roof  alone 
requires  support  and  the  sides  are  hard  and  firm,  a  cross-bar  will  be 
sufficient  without  it  being  supported  by  props.  The  cross-bar  is  fixed 
by  *  needling '  it  into  holes  made  in  the  sides  for  it  to  rest  on,  as  in 
fig.  156;  sometimes  the  bar  rests  on  a  prop  at  one  end,  and  is 
*  needled'  in  at  the  other  end,  as  in  fig.  167. 

When  the  sides  alone  cannot  be  depended  on  to  support  the  cross- 
bar, a  common  arrangement  is  to  put  up  a  cross-bar  or  crown,  either 
round  or  half-round,  and  to  support  it  at  each  end  by  a  prop  set  at 
a  slight  angle  towards  the  centre  of  the  road,  so  as  to  decrease  the 
span  and  strengthen  the  *  crown  '  (fig.  158).  In  this  method  nothing: 
requires  to  be  done  to  the  timber,  beyond  cutting  it  to  the  required 


Fio.  156.— Crossbar. 


length.  Where  heavy  side  pressure  along  with  roof  pressure  has  to 
be  dealt  with,  various  methods  are  used  in  which  the  timber  is  cut 
or  notched  in  a  special  manner.  That  known  as  the  Welsh  system 
of  timbering  is  much  employed  under  such  circumstances,  and  is 
found  to  give  good  results  when  the  timber  is  properly  put  up.  The 
sides  are  supported  with  *  lagging  *  of  either  square  or  round  pieces  of 
timber  placed  longitudinally  behind  the  props.  The  *  sets '  are  often 
prepared  at  the  surface  and  sent  down  ready  for  use.  The  advantages 
claimed  for  the  Welsh  system  are  : 

(1)  Smaller  cost  than  in  using  ordinary  timber,  as  shorter  crowns 

are  employed. 

(2)  Greater  resistance  to  side  pressure. 

On  the  other  hand,  the  increased  cost  of  preparing  the  wood  and 
setting  it  must  be  taken  into  account. 

When  the  roof  and  floor  are  both  bad,  it  is  very  difficult  to  keep 
the  roads  in  good  condition  by  ordinary  methods  of  timbering,  and 
to  prevent  the  floor  from  creeping  '  sill '  pieces  are  often  used,  and 
the  props  notched  into  them  as  well  as  into  the  crown-pieces.  These 
*sill'  pieces,  however,  have  their  disadvantages  where  the  floor  is 
given  to   creeping,   for  when  the  road  requires  adjustment,  as  it 
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frequently  does  under  such   circumstances,   the  *sill'  pieces  give 
trouble  and  often  occasion  the  danger  they  were  meant  to  avert. 

At    the    great    Comstock   Mine,  where   enormous  side   and   top 

pressures  have  to  be  withstood,  a  special  system  of  timbering  is 

adopted.     Fig.  159  shows  the  construction  of  one  of  the  sets  employed. 

Each  set  consists  of  six  pieces, — a  sill  piece,  top 

piece,  and  two  pieces  for  each  side.    These  pieces 

are    usually  cut  square   and    notched    in    the 

manner  shown.     Between  every  two  sets  a  close 

covering  of  lagging  is  laid  all  round,  top  and 

sides.     While  this  system  appears  to  be  rather 

expensive,  and  more  suited  to  rich  metalliferous 

mines,  cases  have  come  under  the  writer^s  notice 

in  which  it  might  have  been  used  with  good  effect 

Fio.  169. — Wood  set,  in  coal  mines,  as  ordinary  sets  made  of  heavy 

as  used  at  Comstock  larch   sometimes  only  lasted  about  two  weeks, 

^°**  owing  to  the  great  side  and  top  pressures. 

When  the  roof  is  heavy,  yet  has  no  bed  of  hard  rock  in  it,  and  the 
roads  have  to  be  driven  comparatively  wide,  such  as  in  pony  roads 
and  at  branchings,  it  is  often  very  difficult  to  properly  support  it. 
In  such  circumstances,  only  the  best  heavy  larch  should  be  used,  both 
for  crown-pieces  and  supports. 

Figs.  160,  161  show  a  method  of  supporting  such  roads.  Crown- 
trees  are  set,  and  temporary  props  put  up  to  the  centre.  Other 
crown-trees  are  placed  at  right  angles  to  these,  or  parallel  with  the 
road  along  the  ends  of  the  cross-bars,  and  to  those  crowns  parallel 
with  the  road  the  props  are  set,  the  whole  being  firmly  fixed  with 
lofting  and  wedges.  Where  roads  branch  ofi^,  diagonal  sets  are  some- 
times erected  to  assist  the  cross-sets.  Often  when  the  road  is  very 
wide,  and  two  lines  of  rails  are  used,  it  is  a  practice  to  set  up  centre 
props  as  well  as  end  ones ;  but  while  this  undoubtedly  strengthens  the 
crowns,  it  often  becomes  a  source  of  danger,  particularly  where  there 
is  much  traffic  on  the  roads. 

On  the  Continent,  where  great  attention  is  paid  to  timbering, 
some  peculiar  methods  are  adopted  for  the  support  of  roads.  Figs. 
162,  163  show  two  of  these  methods.  In  the  former  an  ordinary  set 
of  timber  is  first  placed  in  position,  short  props  d  d  are  then  placed 
close  against  the  main  props,  and  on  the  top  of  these  other  pieces 
c  c  laid  longitudinally  and  parallel  with  the  roadway.  From  these 
longitudinal  pieces  c  c,  other  posts  h  h  are  set  at  an  angle  so  as 
to  meet  in  the  centre  of  the  cross-bar,  where  another  bar  a  is  fixed 
in  line  with  the  road.  On  wide  roads  this  system  has  the  dis- 
advantage of  reducing  the  space  considerably.  To  overcome  this 
difficulty  the  method  shown  in  fig.  163  is  adopted. 

Here  an  ordinary  set  is  fixed  as  before,  and  the  short  pieces  and 
the  longitudinal  pieces  c  c  placed  as  already  described.  In  the 
centre,  and  immediately  against  the  crown-tree,  is  placed  a  shorter 
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crown  h,  and  against  the  ends  of  this  short  piece  are  two  pieces  a  a 
placed  at  right  angles  or  parallel   with  the  roadway.      From  the 
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F[GS.  160,  161. — Supporting  heavy  roofs. 

longitudinal  pieces  c  c  on  the  top  of  the  short  props,  posts  are  set  at 
an  angle  to  meet  the  pieces  a  a.  By  this  method  increased  space  is 
gained  in  the  roadway. 


Figs.  162,  163.— Continental  methods  of  timbering. 

In  fixing  the  timber  by  either  of  these  methods,  the  ordinary  sets 
are  first  placed  in  position,  and  then  all  the  auxiliary  pieces  are 
fastened  to  the  former  by  thin  wire,  imtil  the  set  is  completed,  and 
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when  the  pressure  comes  on  the  wire  is  of  no  more  use.  None 
of  these  methods  has  been  adopted,  to  any  extent,  in  this  country,  and 
it  is  questionable  if  it  would  not  be  cheaper  to  build  side  walls 
and  use  iron  or  steel  girders  under  such  circumstances. 

Driving  through  Loose  Ground. — When  the  roof  or  sides  are  very 
loose  and  have  a  tendency  to  *  spill'  or  run,  a  special  method  of 
timbering  must  be  adopted. 

♦  The  methods  of  securing  such  loose  groimd  are  shown  in  figs.  164  to 
166.  An  ordinary  set  is  first  placed  in  position  with  posts,  a  a,  and 
crowns,  c  c,  and  if  the  floor  is  very  soft  a  sill-piece,  c?,  is  added. 


Fig.  164. 


Fio.  165. 


i^Jvi^ 


Fig.  166.— Timbering  in  loose  ground. 

Pieces  of  lagging  are  then  inserted  above  the  crown-trees,  and 
driven  in  with  the  ends  pointed  upwards  a  few  degrees  oflf  the  hori- 
zontal. These  continue  to  be  driven  forward  as  the  work  proceeds. 
Other  lagging  pieces  are  driven  in  behind  the  posts,  and  also  in- 

♦  •*  Methods  of  Timbering,"  CaZ,  SlaU  Mining  bureau  Bulletin,  No.  2. 
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cliued  outwards  at  the  end  10"  to  15°,  the  side  pressure  gradually 
bringing  them  to  bear  closely  against  the  props. 

The  two  systems  shown  in  figs.  164  to  166  are  practically  the  same 
in  principle,  but  differ  materially  in  detail.  In  fig.  164  the  lagging 
is  inserted  between  the  two  crown-trees,  which  are  separated  by 
wedge-shaped  blocks,  one  of  which  is  i)laced  at  the  centre  and 
one  at  either  end.  The  lagging  is  then  driven  forward,  as  already 
described. 

If  the  ground  is  very  heavy,  a  *  false  set'  is  erected  and  the 
ends  of  the  lagging  rest  upon  it.  As  the  excavation  progresses  the 
lagging  is  driven  forward,  until  the  further  ends  find  a  secure  resting- 
place  on  the  regular  sets.  The  false  set  is  then  knocked  out  and  the 
same  operation  repeated  with  the  next  set. 

The  only  difference  between  these  two  methods  is  that  in  the  one 
(fig.  164)  there  are  two  cross-bars — one  light  and  one  heavy;  while,  hi 
the  other  (fig.  166),  the  lagging  is  inserted  beneath  the  advancing 
ends  of  the  set  next  behind.  In  both  methods  the  lagging  is  kept 
pointed  slightly  upwards  by  the  insertion  of  a  block  of  wood,  6, 
which  is  placed  between  the  portions  already  fixed  and  those  being 
driven.  When  the  lagging  is  driven  forward  a  certain  distance,  this 
block  is  allowed  to  drop  out. 

To  facilitate  driving,  the  lagging  is  sharpened  to  a  point  at  the  one 
end.  With  these  methods,  even  with  the  greatest  care  a  quantity  of 
the  loose  ground  will  run  through  and  leave  cavities  behind. 

Cost  of  Timber. — The  cost  of  timbering  varies  greatly  in  different 
districts  and  at  different  collieries,  and  even  in  diflferent  sections  of 
the  same  colliery,  and  may  be  anything  between  ^d.  and  9d.  per  ton 
of  coal  raised.  It  will  vary  with  the  nature  of  the  roof  and  floor  and 
of  the  coal,  the  inclination  of  the  seam  and  its  depth  from  the 
surface,  and  also  according  to  the  method  of  working  employed. 
The  following  table  shows  approximately  the  cost  of  timbering  in  a 
number  of  collieries  in  Great  Britain  (p.  162). 

In  the  Government  collieries  of  the  Saar  district  of  Germany,  the 
cost  of  timber  is  estimated  to  average  6d.  per  ton  of  coal  raised. 

Supporting  the  Main  Roadways  by  Brickwork. — For  main  roads 
and  pit  bottoms,  masonry  is  used  to  a  very  large  extent,  and  probably 
no  better  method  of  securing  a  road  has  been  devised.  It  is  very 
much  more  expensive  than  timber,  owing  mainly  to  the  extra  cost 
for  excavation,  but  where  a  roadway  has  to  be  used  for  a  considerable 
number  of  years,  it  will  in  the  end  be  the  cheapest  method.  There 
are  two  principal  methods  of  supporting  roads  with  masonry,  viz.,  by 
building  perpendicular  side  walls  to  a  certain  height  and  then  spring- 
ing an  arch  for  the  roof,  and  by  building  the  masonry  all  round  the 
roof,  floor,  and  sides,  no  part  of  the  walling  being  built  perpendicular, 
but  each  part  having  a  certain  curvature.  This  latter  method  is 
undoubtedly  the  better  of  the  two,  and  masonry  so  constructed  is  very 
much  stronger,  but  it  is  also  a  great  deal  more  expensive,  and  unless 
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Tablb  showing  Cost  of  Timbeb  per  Ton  of  Coal  eaised. 


No.  of 

Thickness 

Depth  from 

Nature  of 

Inclination  of 

Method  of 

Cost 

CoUIery. 

of  Seam. 

Surface. 

Roof. 

Seam. 

Working. 

per  Ton. 

Feet. 

Feet. 

Pence. 

1 

2ito31 

1,000 

Fairly  good 

Comparatively 
flat. 

LoDgwall 

3 

2 

2to4 

1,050 

»f 

)) 

2i 

3 

2  to  5 

1,100 

Soft  roof 

— 

)} 

4 

4 

14  to  1 J 

1,550 

Bad  roof 

1 : 5,  and  upwards 

>> 

84 

5 

24  to  4 

100  to  250 

Fairly  good 

Flat,  to  1  :  15 

Longwall  and 
pillar  and  stall 

2| 

6 

54 

1,050 

Soft  shale 

1:9 

Double  stall 

8 

7 

6i 

850 

>». 

Flat,  to  1 :  14 

Longwall 

5 

8 

H 

1,200 

•    Shale 

1  :20 

ft 

24 

9 

7 

1,700 

Good  roof 

Flat 

Pillar  and  stall 

li 

10 

f»| 

1,600 

)) 

1  :  16  to  1  :  18 

it 

24 

11 

^ 

600 

Bad  roof 

1  :20 

Longwall 

3 

12 

5 

1,800 

Good  roof 

1  :  12 

)) 

1 

13 

5 

1,200 

Fairly  good 

— 

1) 

2 

14 

4 

1,150 

Good  roof 

1  :6 

If 

4 

the  road  has  to  stand  for  many  years,  and  a  large  output  is  expected 
from  it,  it  is  questionable  if  the  expense  of  such  a  system  of  arching 
would  be  justified.  For  most  ordSnary  purposes,  unless  the  floor  is 
very  bad  and  given  to  creep,  the  common  method  of  supporting  roads 
by  two  short  perpendicular  walls  and  a  top  arch  will  be  found  quite 
efficient. 

The  brick  walling  is  put  in  9  in.  to  18  in.  or  24  in.  thick,  and  a 
space  should  be  left  between  the  walling  and  the  strata,  which  should 
afterwards  be  filled  in  with  fine  ashes  or  sand,  as  this  will  gi-eatly 
assist  the  arching  when  the  pressure  comes  on  it. 

Iron  or  Steel  Supports. — Within  recent  years  the  use  of  iron  and 

steel  supports  for  underground  work- 
ings has  greatly  extended,  and,  in 
certain  circumstances,  it  is  to  be 
recommended. 

It  must,  however,  be  remembered 
that  the  conditions  under  which  steel 
or  iron  girders  can  be  used  under- 
ground are  altogether  different  from 
the  conditions  under  which  the  same 
materials  can  be  used  at  the  surface. 
In  the  latter  case,  all  the  conditions 
to  be  satisfied  can  be  accurately  pre- 
determined, the  size  and  resistance  of 
any  supports  required  being  ascer- 
tained by  calculation. 
Underground,  these  conditions  can  scarcely  be  ascertained  at  all. 


Fig.  167.— Steel  supports. 
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or,  at  least,  only  very  partially ;  the  top  weight  to  be  supported  may 
be  unknown,  and  further  complications  are  introduced  when  heavy 
side  pressure  is  encountered. 

Instead  of  the  load  being  uniform,  as  on  the  surface,  it  is  very 
varied,  and  the  supports  are  subject  to  great  and  suddenly  applied 
pressure.  Steel  girders,  however,  seldom  break  under  sudden 
pressure  or  weight,  but  nearly  always  give  indications  of  such 
pressure  by  deflecting  in  the  centre.  Girders  have  been  known  to 
show  5  to  7  in.  of  deflection  under  great  top  pressure  before 
breaking. 

In  a  large  number  of  mines  there  are  main  haulage  roads  and 
horse  roads  where  the  strata  have  settled,  and  where  the  pressures 
are  fairly  uniform.  In  such  roads,  steel  or  iron  supports  can  be  used 
with  advantage. 

Again,  in  return  air-ways  where  the  air  is  hot  and  foul,  and  con- 
tains a  good  deal  of  moisture,  wood  very  rapidly  decays  and  requires 
frequent  renewal,  and,  in  such  circumstances,  steel  or  iron  supports 
may  beneficially  replace  it. 

Iron  or  Steel  Props. — While  iron  or  steel  are  better  suited  for  use 
as  cross-bars  or  crowns,  props  made  of  these  materials  have  also  been 
used  at  the  face  of  longwall  workings.  They  are,  of  course,  much 
more  expensive  than  timber  props,  and  it  is  therefore  necessary  that 
they  should  be  used  only  where  they 
can  be  withdrawn  and  reset,  other- 
wise the  cost  would  become  too  great. 
Cast-iron  props  are  not  of  much  use, 
as  they  are  too  heavy  and  too  easily 
broken. 

Steel  girders,  of  H-section,  present 
a  somewhat  sharp  and  uneven  surface 
to  the  roof  or  to  the  timber  lids  when 
used.  To  overcome  this  difficulty 
Firth's  patent  prop  is  used. 

A  piece  is  cut  out  of  the  web  at 
each  end,  and  the  top  and  bottom 
flanges  turned  over,  which  enables 
the  ends  to  present  a  flat  surface  to 
the  roof  and  floor.  A  hole  a  a  is 
punched  in  the  web,  about  a  foot 
from  each  end,  for  the  insertion  of  a 
hook  to  assist  in  withdrawing  the  prop 
(see  figs.  168,  169). 

Steel  or  Iron  Sets. — These  are  used  in  some  collieries  in  Great 
Britain,  but  they  have  a  more  extended  use  on  the  Continent,  where, 
as  already  stated,  more  heed  is  paid  to  supports  for  roadways.  Steel 
or  iron  sets  are  best  adapted  for  main  roads,  particularly  for  roads 
where  the  strata  have  settled. 


Figs.  168,  169.— Steel  pit  props. 
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In  France  and  Germany,  a  simple  arrangement,  shown  in  fig.  170, 
is  used.  Iron  or  steel  bars,  weighing  24  to  30  lbs.  per  yd.,  and 
shaped  like  girders,  are  bent  in  the  form  of  a  horse-shoe  to  suit  the 
roadway  and  are  set  up  2  to  3  ft.  apart.  The  space  between 
the  webs  is  filled  up  with  planking,  1^  in.  to  2  in.  thick,  forming  a 
neat  and  strong  lining  to  the  road.  This  method  is  said  to  cost 
about  £2  per  yd.  for  a  road  7  ft.  high  and  6^  ft.  wide  at  the 
bottom. 


Fia.  170.— Iron  sets  for  supporting  roof. 

Another  method,  employed  in  the  North  of  France,  is  to  forai  the 
girder  in  two  pieces,  curved  at  the  top  and  joined  in  the  centre  by 
two  fish-plates  fastened  by  four  bolts. 

This  method  is  best  suited  for  heavy  roofs  and  hard  sides.  Fig. 
171  shows  the  detail  of  the  fish-plates  at  the  centre  where  fastened. 

The  cost  in  this  case  is  estimated  at  £5,  Is.  5d.  per  lin.  yd.  for 
a  road  8  ft.  wide  and  6J  ft.  high. 

In  the  Government  Lead  Mines,  in  the  Hartz  Mountains,  the  road- 
ways are  supported  with  flat-bottomed  rails,  14  J  lbs.  per  yd.  section. 
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The  ends  of  the  iron  arch  are  lodged  in  holes  drilled  in  large  stones 
(see  fig.  172)  set  in  the  floor  and  fastened  by  wooden  wedges  or 
cement.  Between  these  stones  other  stone  blocks  are  inserted,  in 
order  to  keep  them  apart  and  thus  ensure  stability.  The  lining  or 
lofting  is  carried  out  with  the  same  kind  of  rails,  each  1 9  ft.  8  in.  long, 
arranged  longitudinally,  the  flat  bottoms  being  in  contact  with  the 
base  of  the  flat  rails.  The  cost  of  supporting  roadways  in  this 
manner  is  about  £1,  13s.  2d.  per  yd.  Supporting  the  same  roads 
with  masonry  costs  £2,  9s.  Od.  per  yd.,  and  with  timber  £1,  2s.  Od.  per 
yd.  (first  cost  only).* 

When  roof  and  floor  are  both  soft,  and  the  floor  given  to  creeping, 
the  support  is  sometimes  made  in  two  or  three  pieces  curved  to  suit 
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Fig.  171.— Details  of  fish-plate. 


Fig.  172. 


the  roadway  and  fastened  at  the  joints  by  fish-plates  and  bolts  as 
before  (see  ^g.  173).  A  cast-iron  sleeve  is  often  used  instead  of  the 
fish-plates.  The  sleeve  is  made  to  slip  over  the  end  of  the  girder, 
and  when  the  pieces  are  fitted  together  it  is  drawn  over  the  joint 
and  fastened  with  wood  keys  or  wedges.  Fig.  174  shows  the  con- 
struction of  such  a  sleeve. 

t  At  the  Altenwald  Coal  Mines,  near  Saarbrlickon,  iron  supports 
are  used  in  the  form  of  an  elliptic  arch.  To  prevent  the  supports 
from  shifting,  horizontal  props  are  inserted  from  arch  to  arch  at  the 
highest  points.  The  plank  covering  is  of  oak  and  each  plank  over- 
laps the  other,  to  allow  some  play  under  heavy  pressure.     The  cost 


*  N,  E.  Inst.  Min,  Eng,,  vol.  xxxvii.  p.  137. 


t  Ibid.,  p.  138. 
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for  this  kind  of  support  was  £2,  18s.  2d.  per  yd.  Brickwork  would 
not  have  been  applicable  in  this  case,  owing  to  the  continuous  settling 
of  the  floor. 

*  At  the  Nunnery  Colliery,  SheflBeld,  the  main  roads  were  supported 


Fig.  173. 


by  steel  girders,  which  were  themselves  supported  on  props  of  larch 
wood  (see  fig.  175).  The  girders  were  an  I-section,  4  in.  wide,  5  in. 
deep,  with  a  web  f  in.  thick,  and  this  was  calculated  to  give  the 
same  support  as  a  Norway  larch  beam  12  in.  sq. 


Fio.  174.— Constiuction 
of  sleeve. 


Fig.  175. 


The  girders  were  supported  on  props  of  larch,  8  in.  to  10  in. 
diameter,  and  the  sets  were  put  in  about  3  ft.  apart,  with  lagging 
above. 

*  Ore  and  Stone  Mining,  Dr  Le  Neve  Forster,  pp.  256-257. 
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To  prevent  the  girders  from  being  pushed  out  at  the  top  by  side 
pressure,  a  lug  or  band  of  iron,  If  in.  x  |  in.,  was  shrunk. on  at  each 
end  immediately  in  front  of  the  prop. 

In  some  collieries  in  Staffordshire,  hollow  cast-iron  props  are  used. 
These  props  have  a  flange  8  in.  diameter  at  top  and  9  in.  diameter  at 
bottom  (see  fig.  177).  A  chair  made  for  the  purpose  drops  into 
the  top  of  the  iron  column  and  receives  a  reversed  iron  rail  weighing 


Figs.  176,  177.— Cast-iron  props. 

50  lbs.  per  yd.  These  sets  are  placed  3  ft.  apart  and  are  lofted  on 
top  with  planks  or  rails,  the  spaces  between  these  being  tightly 
packed  with  stones.  This  method  of  support  makes  a  capital  road- 
way, but  is  best  suited  for  roads  where  no  great  side  pressures  exist. 
The  cost  of  this  system  is  £2,  4s.  Od.  per  lin.  yd.  in  an  average 
sized  roadway  (see  figs.  176,  177). 


Figs.  178,  179. 

*At  St  Helen's  Colliery,  Cumberland,  flat-bottomed  steel  rails 
were  used  to  support  a  main  haulage  road  at  a  depth  of  170  fms. 
Posts  of  the  same  material  were  likewise  employed  to  support  the 
cross-pieces;  figs.  178,  179  show  how  the  rails  were  secured.  The 
crowns  were  10  ft.  long  and  the  supporting  props  6  ft.  The  latter 
were  set  6  in.  ofiF  the  perpendicular  and  were  cut  and  dressed  so 
that  the  crown  would  rest  evenly  on  the  top.     The  lower  end  of  the 

*  Trails.  Mill,  Inst,  Scot.,  vol.  xiv.  pp.  242-249. 
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props  rested  in  a  cast-iron  sole  (fig.  180),  arranged  to  give  a  solid 
foundation.  Near  the  top  of  each  prop  and  also  near  the  ends  of 
each  crown  were  drilled  two  holes  |  in.  diameter.  An  angle  iron  h 
was  then  riveted  on  the  end  of  the  crown  so  as  to  fit  the  upright 
to  which  it  was  bolted,  and  in  this  way  the  legs  were  fixed  and 
prevented  from  being  pushed  out.  The  sets  were  placed  2  to  3  ft. 
between  centres  and  lagged  on  the  top   with  3  in.  planking  and 


Fig.  180.— -Details  of  sole-piece. 

also,  when  tbey  could  be  had,  with  old  rails.  A  piece  of  wood  A  A 
was  fitted  in  between  the  uprights  to  further  strengthen  them.  The 
rails  used  weighed  79  lbs.  per  yd.,  and  cost  3s.  6d.  per  cwt.  de- 
livered ;  the  cost  for  steel  H-girders,  weighing  54  lbs.  per  yd.,  would 
have  been  5s.  9d.  per  cwt. 

The  cost  per  lineal  yard  for  this  method  of  supporting  the  road- 
way, including  rails,  labour,  etc.,  was  £1,  14s.  7d.,  while  the  cost  of 
brick  arching,  14  in.  thick  for  the  same  road,  was  estimated  to  be 
£2,  5s.  2d.  per  lin.  yd.,  showing  a  difference  of  10s.  7d.  per  yd.  in 
favour  of  the  rails. 

Seeming  Beads  with  Briek  Walls  and  Girders.— Main  haulage 
roads  and  shaft  bottoms  are  often  secured  by  building  up  a  brick  wall, 
14  in.  to  24  in.  thick,  on  each  side  of  the  road,  and  stretching  steel 


181,  182.— Brickwork  and  girders. 


H-girders  across  them  (figs.   181,  182).     Along  the  top  of  the  wall      ' 
is   laid  wood  planking,  4  in.   x   12  in.,  on  which  the  girders  rest. 
The  wood  helps  to  relieve  aiiy  sudden  pressiu-e  to  which  they  may  be 
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subjected.  The  girders  should  be  wedged  tight,  and  a  runner  or 
strap  of  iron  fixed  between  every  two  sets  to  prevent  them  from 
canting.  On  the  top  is  placed  a  lagging  of  square  or  round  timber 
laid  close  together,  any  spaces  between  being  carefully  packed.  At 
Milnwood  Colliery,  Bellshill,  the  wood  lagging  was  replaced  by  strips 
of  iron  about  3  in.  broad  and  |  or  f  in.  thick.  This  system  is 
preferable  to  using  wood  lagging,  as  the  latter  decays  and  requires 
frequent  renewal. 

Sometimes  sheets  of  iron,  about  ^  in.  thick,  are  stretched  on  the 
top  of  the  girders  and  wood  lagging  put  above  that ;  the  sheet-iron 
preventing  the  wood  lagging  from  dropping  on  the  road  when  it 
breaks  or  decays. 

In  another  method  of  securing  roadways  by  brick  walls  and  girders, 
the  latter,  instead  of  being  put  in  straight,  are  curved  from  the  side 
of  the  wall  on  either  side,  which  is  said  to  increase  their  strength. 
It  also  gives  increased  height,  but,  of  course,  it  is  more  expensive,  as 
more  rock  requires  to  be  excavated  in  the  roof. 

The  ends  of  the  girders  are  laid  on  sheet-iron,  thus  distributing 
the  pressure  over  a  greater  area.  The  cost  of  this  method  is  given 
at  £\3,  9s.  6d.  per  yd.  The  calculated  cost  for  arching  the  same 
roadway  was  £16,  8s.  lid.  per  yd. 

At  Lanemark  Colliery,  New  Cumnock,  some  rather  ingenious 
methods  are  adopted  for  supporting  the  roadways. 

On  each  side  of  the  road,  side  walls  are  built  from  the  rubbish  got 
from  the  workings,  cement,  mixed  with  sand  in  the  proportion  of  one 
to  four,  being  used  to  bind  the 
rubbish  together.  At  intervals 
along  the  road,  brick  pillars  are 
built  up  to  the  same  height  as 
the  stone  building.  Along  the 
top  of  the  side  walls  planks  are 
laid,  and  on  the  top  of  these 
light  steel  girders  are  stretched 
across  the  road  to  support  the 
roof.  Figs.  183,  184  show  this 
method. 

Where  the  roof  is  fairly  good 
and  does  not  require  any  cross- 
girders,  the  roadways  are 
secured  as  shown  in  figs.  185, 
186.     In  this  method  the  stone 

and  cement  walling  is  carried  up  to  within  4  in.  of  the  roof.  In 
the  space  thus  left,  pieces  of  wood  are  j>l;iccd  lengthways,  being 
wedged  tightly  to  tlie  roof.  Between  the  stone  and  cement  pillars 
a  pillar  of  brick  is  built  half-way  up,  and  on  the  top  of  this  a  short 
prop  is  fixed  between  the  pillar  and  the  longitudinal  planking. 

Another  variation  in  this  system  of  supporting  roadwnys  is  shown 


Fig.  183.— Cross-section. 
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in  figs.  187,  188,  in  which  a  continuous  wall  of  stone  and  cement 
/- 


Fia.  184.-»LoDgitadinal  sectioiu 


Fio.  186. — Longitudinal  section. 


is  built  up  to    about  three-fourths  the  height  of  the  road,  and  on 
the  top   of   this  building   short    pillars   of  brick   and   short  props 
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are  carried  up  to  support  the  wood.     In  both  these  latter  methods 

no  cross  supports  are  used,  the  roof  not  requiring  them.     In  other 

parts  of  the  workings,  the  walls  are 

entirely  built  of  rubbish  got  from    />^^\/^U-Ky\\/^M 

the  working  and  cemented. 

This  kind  of  wall  is  found  to 
act  better  in  many  respects  than 
brick  and  lime.  It  often  deflects 
to  a  considerable  extent  before 
giving  way.  The  advantages 
claimed  for  such  methods  of 
supporting  roadways  are  that  only 
a  very  small  number  of  bricks  are 
required,  compared  with  these  in 
which  masonry  is  used  through- 
out, while  walls  of  this  description 

can  be  built  very  cheaply,  ordinary  workmen  being  able,  without 
difficulty,  to  erect  them.  In  pillar  and  stall  working,  they  also 
prevent  slabs  of  coal  from  breaking  off  the  pillars  and  falling  on  to 
the  roadways, — an  occurrence  which  often  causes  much  inconvenience 
in  workings,  particularly  on  main  haulage  roads. 


Fig.  187. — Cross-section. 


Fig.  188.— Longitudinal  section. 

The  advantages  of  using  brick  wall  and  girders  for  supporting  the 
roadways,  instead  of  brick  arching  alone,  may  be  stated  as  follows: — 

(1)  Less  space  requires  to  be  excavated  for  a  given  area,  the  saving  in  this 

respect  being  nearly  25  per  cent. 

(2)  Less  time  is  required  for  erection,  and,  hence,  less  cost  is  incurred  for  labour. 

(3)  Where  the  strata  are  soft,  girders  can  be  placed  as  the  work  proceeds,  while 

with  brick  arching  temporary  supports  would  have  to  be  used,  thus 
increasing  the  cost 

(4)  Girders  can  be  easily  removed  from  one  part  of  a  mine  to  another  and  be 

used  over  again,  whereas  brickwork  can  seldom  be  removed. 

The  cost  of  iron  or  steel   girders  varies,  and  will   depend  to  a 
certain  extent  on  the  proximity  or  otherwise  of  the  colliery  to  iron- 
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works.  At  present,*  the  cost  of  girders  is  about  £5,  10s.  to  £Q  per 
ton,  and  for  the  various  sections  in  use,  which  are  about  50,  66,  and 
72  lbs.  per  yard,  is  about  9d.,  Is.,  and  Is.  Id.  per  foot  respectively.! 

Comparing  the  cost  of  supporting  roadways  with  girders  with  the 
cost  of  timber  for  the  same  purpose,  the  first  cost  for  girders  will  be, 
approximately,  twice  as  expensive,  but,  on  the  other  hand,  they  will 
last  four  to  six  times  longer  than  the  best  wood,  and  will,  as  a  rule, 
give  a  greater  margin  of  safety. 

Owing  to  the  varying  conditions  in  different  mines,  it  is  impossible 
to  fix  any  definite  weight  or  size  of  girdor  as  being  suitable  for  a 
given  span.  I 

§  Under  comparatively  equal  loads,  however,  the  weights,  dimen- 
sions, and  safe  loads  for  8  ft.-space  girders  are  shown  in  the  following 
table:— 


Depth  of 
Girder. 

Width  of 
Flange. 

Thickness  of 
Web. 

Weight  per 
Foot. 

Estimated  Safe 

Dead  Distributed 

Load  for 

8  Feet  Span. 

Inches. 

Inches. 

Inches. 

Ponnls. 

Tons. 

5 
5 
6 

4 
4 
44 

i 
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22 

24 

7 

9 

12 

The  following  weights  of  girders  are  often  used  for  different  spans : — 

Girders  of  16§  lbs.  per  lineal  ft.  in  spans  of  6  to  8  ft. 

»»  22     ,,        ,,  ,,  ,,  8  to  10 ,, 

24      „        „  „  „        10  to  12  „ 

The  above  can,  however,  only  be  taken  as  approximate  sizes,  and 
it  would  be  best  to  err,  if  anything,  on  the  safe  side.  In  a  colliery 
where  the  span  was  16  ft.,  the  girders  used  weighed  42  lbs.  per  lineal 
ft.  and  were  none  too  heavy. 

Some  of  the  advantages  claimed  for  iron  and  steel  props  over  timber 
are: — 

(1)  They  are  lighter  and  handier  to  work  with  than  heavy  wooden 

beams. 

(2)  Girders  give  increased  space  for  ventilation   compared  with 

timber. 

(3)  There  is  no  pollution  of  the  air  as  is  the  case  with  decaying 

timber. 

(4)  There  is  no  risk  of  catching  fire ;  which  is  so  often  the  cause 

of  imderground  fires  where  the  timber  is  in  a  dry  condition. 

Strength  of  Timber. — The  strength  of  timber  is  not  always  easily 
determined,  and  no  definite  rules  can  be  given  as  to  the  size  of  props 
or  crown-trees  to  be  used  underground.  The  circumstances  prevail- 
ing in  each  colliery  as  to  roof,  floor,  and  sides,  combined  with  every- 

*  This  was  written  in  1898. 

t  N.B. — The  price  of  girders  at  present,  May  1900,  is  £7  to  £8  per  ton, 

t  Ibid,,  p.  278.  §  Trans.  I.  M.  £.,  vol.  x.  p.  274. 
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day  experience  in  practical  working,  seem  about  the  safest  and  best 
guides  to  depend  upon. 

Props  set  in  the  workings  may  be  said  to  break  in  three  different 
ways,  viz.,  (a)  by  fracture  or  *  buckling '  alone,  (b)  by  buckling  and 
crushing  combined,  (r)  by  crushing  alone.  In  the  first  case  props 
generally  give  way  when  their  length  is  from  20  to  30  times  their 
diameter,  in  the  second  when  their  length  is  from  10  to  20  diameters, 
and  in  the  third  case  by  crushing  alone  when  the  length  is  under  10 
diameters. 

From  numerous  experiments  on  the  strength  of  pillars  (or  props) 
of  timber,  the  following  law  has  been  deduced : — 

"  The  strength  of 'pillars  of  timber  of  equal  sectional  areas  is  inversely 
proportional  to  the  square  of  the  length. '^ 

Thus,  with  lengths  in  the  ratio  of  2,  4,  and  8  ft.  the  strength 
will  be  in  the  ratio  of  (|)2 :  (If  :  (if  or  J,  ^,  and  /^. 

Taking  pillars  of  the  same  sectional  area,  one  2  ft.  in  length  has 
sixteen  times  the  strength  of  one  8  ft.  in  length  and  four  times  that 
of  one  4  ft.  in  length.  This  is  well  known  in  everyday  practice,  and 
the  props  are  usually  increased  in  diameter,  according  as  the  height 
of  the  working  increases. 

For  ordinary  larch  props,  the  crushing  strain  is  about  1|^  to  2  tons 
per  square  inch,  according  to  the  age  of  the  wood  and  the  seasoning 
it  has  undergone.* 

If  timber  be  cut  when  green,  and  allowed  to  season  or  dry  gradually, 
it  is  found  to  gain  in  durability,  as  was  proved  by  the  experiments 
carried  out  by  Professor  Louis,  t  who  records  a  gain  of  as  much  as  49 
per  cent,  in  the  strength  due  to  seasoning  in  ordinary  pit  props. 

This  fact  is  fully  recognised  on  the  Continent  and  at  many  collieries 
in  France  and  Germany,  the  props  being  thoroughly  seasoned  in 
specially-constructed  drying  sheds  before  they  are  used  undergroimd ; 
and  in  some  cases  they  are  seasoned  artificially  by  an  electric  process 
which  is  said  to  give  good  results. 

J  In  a  number  of  tests  that  were  recently  carried  out  by  the 
Government  colliery  officials  in  the  Saar  district,  the  same  results 
were  obtained.  The  following  table  shows  the  effect  of  seasoning,  as 
ascertained  experimentally,  on  four  different  kinds  of  wood : — 

Wood  shortly  after      Wood  5  Months      Hr^S^«Y^*5i^!SZ. 
Felling.  after  Felling.       ^^tl^eS?49'Fa^'*" 

^.   ,    -™,    .^  Resistance  q^^,.:*^  Resistance  q^^^.-a^  Resistance  q^^i-^ 

Kind  of  Timber.  to  Com-     ^J^^^^     to  Com-     ^I^^?^     to  Com-     ^^^« 

pression.    Gravity,    pj-essjon.    Gravity,    prggaion.    Gravity. 

Lbs.  per  Lbs.  per  Lbs.  per 

Sq.  Inch.  Sq.  Inch.  Sq.  Inch. 

Beech,  with  bark,  .  .  3,243  1-084  3,570  1*094  8,627  0915 

Fir  do.        .  .  2,802  0*885  3,044  0*845  3,385  0*656 

Pine  do.         .  .  2,631  0'984  2,716  0*917  2,958  0*647 

Oak  do.         .  .  2,475  1*235  2,133  1*050  2,958  0*826 

*  Trans.  /.  M.  E.,  vol.  xv.  p.  352.  t  Hid.,  p.  354. 

X  Gliickauf,  Bergiuspektor,  Ch.  DUthing,  1898,  vol.  xx.xiv.  p.  797. 
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It  must  not  be  forgotten  that  the  different  specimens  tested  were 
special  pieces,  free  from  blemishes,  and  having  little  resemblance  to 
the  ordinary  pit  prop. 

*  The  following  tables  give  the  crushing  and  tensile  strains  of 
various  kinds  of  wood  : — 


Sthrnoth  of  Timber  to  Rfsist  Crxtshing-Strains  in  Pounds  and  Tons 
PER  Square  Inch. 


Maximum 
Dry. 

Miuimum 

Kind  of  Timber. 

Ordinary 

State. 

Mean. 

Pounds. 

Pounds. 

Pounds. 

Tons. 

Ash           

9,363 

8,683 

9,023 

4-03 

Beech        

9,363 

7,733 

8,548 

3-81 

Birch  (English)    ... 

6,402 

3,297 

4,850 

2-16 

Kim           

10,331 

7,9.50 

9,140 

4-08 

Fir  (spruce) 

6,819 

6,499 

6,659 

2-97 

Oak  (English)      ... 

.        10,058 

6,484 

8,271 

3-69 

„    (Quebec)       ... 

5,982 

4,231 

5,106 

2-28 

Pine  (pitch) 

6,790 

6,790 

6,790 

3-03 

„    (red) 

7,518 

6,396 

6,457 

2-88 

Larch        

5,568 

3,201 

4,385 

1-96 

Showing  Strength  of  Timber  to  Resist  Tensile  Strain  in  Pounds  and 
Tons  per  Square  Inch. 


Kind  of  Timber. 

Maximum. 

Minimum. 

Mean. 

Pounds. 

Pounds. 

Pounds. 

Tons 

Ash           

.       17,850 

16,784 

17,077 

7-6 

Beech        

11,326 

11,888 

11,467 

5-1 

Birch         

— 

— 

15,000 

6-7 

Elm           

— 

— 

13,490 

6-0 

Fir 

13,448 

11,000 

12,203 

5-5 

Oak  (English)      ... 

.        15,500 

13,620 

14,560 

6-5 

Pine  (Russian)     ... 

— 

— 

13,300 

5-9 

,,    (Norway)      ... 

14,300 

12,400 

13,350 

6-0 

Larch        

— 

— 

9,632 

4-3 

Showing  Specific  Graviitt  and  Weight  of  Materials  (Water  at  62* 
Fahr.  being  equal  to  Unity). 


Material. 


Wrought-iron 
Cast-iron  (British) 
Oak  (seasoned)     ... 

Elm  

Pine  (yellow),  seasoned 


Specific 
Gravity. 

Weight  of 
1  Cubic  Foot. 

Measurement 
of  1  Ton. 

Pounds. 

Cubic  Feet 

7788 
7-087 
0-777 
0-588 
0-483 

485-30 

441-60 

48-42 

36-65 

30  10 

4-615 

5-070 

46-260 

61-130 

74-410 

Treatise  on  the  Strength  of  Materials,  by  Mr  Thomas  Box,  1883,  p.  91. 
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The  following  rules  may  be  given  as  applying  to  bars  or  beams  of 
timber : — 

(1)  The  strength  of  bars  or  crowns  of  the  same  sectional  areas  is 
in  direct  proportion  to  their  width.  Thus,  a  bar  12  in.  wide  is  twice 
as  strong  as  one  6  in.  wide  if  both  have  the  same  thickness. 

(2)  The  strength  of  rectangular  beams  of  the  same  length  and 
width  is  directly  proportional  to  the  square  of  their  depth  (W  oo  'd^) ; 
thus,  if  two  bars  are  of  equal  width,  but  one  6  in.  deep  and  the  other 
3  in.  deep,  their  strength  will  be  in  the  proportion  of  3^  :  6^  or  9  : 
36  or  1  :  4,  i.e,,  the  prop  6  in.  deep  will  have  four  times  the  strength 
of  one  3  in.  deep. 

(3)  The  strength  of  bars  of  equal  sectional  area  varies  inversely  as 
their  lengths  (W  oo  J).  Thus,  a  bar  1 2  ft.  long  will  only  have  half 
the  strength  of  one  6  ft.  long,  the  sectional  area  being  equal  in  both. 

FormulsB  for  Strength  of  Beams  of  Timber. — Different  formulae 
are  given  by  different  authorities  for  finding  the  sizes  and  breaking 
weights  of  beams  of  timber,  all  of  them  giving  slightly  different 
results.  But  it  must  be  remembered  that  most  of  the  formulae 
applied  in  engineering  give  only  approximate  results,  and  are  not 
meant  to  be  absolutely  correct,  as  is  the  case  with  the  formulae 
employed  in  problems  in  pure  mathematics.  In  engineering,  materials 
for  construction  are  generally  allowed  a  large  marginal  factor  of 
safety,  and  there  is,  therefore,  not  the  same  necessity  for  very  fine 
theoretical  calculations. 

Let  L  =  length  of  beam  or  span  in  inches 
B  =  breadth 
D  =  depth 

W= breaking  load  in  tons 
K= co-efficient  of  rupture. 

The  value  of  K  for  different  materials  has  been  found  by  experi- 
ment, and  is  given  below : — 

Wrought-iron  -3*40  Beech  =  0  '65 

Cast-iron -2 -30  Fir =0*60 

A8h  =  0-95  Oak  =  0-75 

Pitch  Pine  =  075  Larch  =  0-75 

(1)  When  both  ends  are  supported  and  the  beam  is  loaded  in  the  centre. 

L 

(2)  When  both  ends  ^xe  fixed  and  the  load  is  in  the  centre. 

L 

(3)  When  both  ends  are  supported  and  the  load  is  evenly  distributed. 

L 

(4)  When  both  ends  oxe  fixed  and  the  load  is  evenly  distributed. 

W  =  12K??^ 
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In  circular  beams  of  radius  R,  substitute  i'7R^  for  BD^  in  the 
above  formulae.  These  rules  are  very  difficult  of  application  to 
mine  timber,  as  the  load  is  very  rarely  either  at  the  centre  of  the 
beam  or  evenly  distributed  along  its  length,  and  there  is  also  the 
side  pressure  to  take  into  consideration,  which,  in  underground 
timbering,  is  often  greater  than  that  from  the  top  and  can  never 
be  accurately  measured.  The  pressure  per  square  inch  due  to  the 
weight  of  the  overlying  strata  alone  would  be  equal  to  D  x  '434  x  B ; 
where  D  =  depth  or  thickness  of  overlying  strata,  B  =  specific  gravity 
of  strata,  and  '434  =  a  constant  number  (average  sp.  gr.  of  strata  is 
about  2*5,  taking  water  as  unity  or  1). 

Strength  of  steel  or  icrougJU-iron  girders  of  H- section : — 

When  W  =  breaking  load  in  tons 

A  =  area  of  one  flange  (either  top  or  bottom)  in  square  inches 

/=  tensile  strength  of  material  in  tons  per  square  inch  (generally  from 

22  to  28  for  steel  and  18  to  20  for  wrought-iron) 
D  =  depth  of  girder  in  inches  (including  both  flanges) 
L= length  of  span  in  inches. 

Then  W  =  4/^? 
L 

Tlie  safe  load  is  generally  taken  at  ^th  to  yth  of  the  breaking  load 
for  steel  girders. 


EXAMPLES. 

(1)  Find  the  breaking  weight  at  centre  of  a  pitch  pine  beam,  12  in.  deep,  8  in. 
broad,  and  18  ft.  between  the  supports,  ends  tixed  and  load  in  centre  ;  also  find 
the  depth  of  beam  required  for  a  breaking  load  of  24,000  lbs.,  if  the  width  of 
beam  is  6  in.  and  the  distance  between  the  supports  12  ft,,  load  uniformly 
distributed. 

Suppose  the  beam  to  be  fixed  at  both  ends,  then 


(a)  W-6K^^^ 
L 

(6)         W-12K^P' 
L 

=6 -75,1^  If 
18x12 

24000     ,2^.75  J  xD^ 
2240                  12x12 

6x75x8x144 

24000    12 X  75x6x02 

18x12 

2240              12  X  12 

.•.W  =  24  tons 

. •.  112  X  1  x  075  X  1  X  D2-2400  x  1  x  I 

The  breaking  strain  is, 
ms. 

therefore, 

24 

.  •^2^2400x1 
*  *      '"   112x75 

.-.D-     ^28-57 
-5-3  inches. 

The  depth  of  beam  required  would  be 
5*8  in. 
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(2)  If  a  beam  10  in.  broad  and  14  in.  deep  has  a  breaking  strain  of  30  tons, 
what  length  of  span  would  it  support  under  a  maximum  load,  supposing  the  beam 
to  be  simply  supported  and  the  load  to  be  in  the  centre  ? 


Here  W- 

-4Ky 

80  = 

=  4x 

.7^10x14^ 
L 

30  = 

.4x 

•75x10x196 

L 

.•.30L  = 

=  4x 

75x10x196 

.•.L  = 

'4x 

•75x10x196 

30 

- 

-196 

in.  or  16-3  ft. 

(8)  What  would  be  the  breaking  load  of  a  wrouglit-iron  girder  of  H-section, 
with  top  flange  4^  in.  broad,  depth  of  girder  6  in.,  and  span  between  supports 
10  ft. 

Taking  the  tensile  strength  of  wrought-iron  at  20  tons,  then 

W  =  4/^ 

^4^20^-5x4-5x6 

10x12 
=  81  tons 

Preservation  of  Timber. — Timber  required  for  use  underground, 
or,  indeed,  anywhere,  should  be  felled  during  the  winter  when  it  lias 
but  little  sap  in  it,  because  sap  in  wood  ferments  and  produces  rapid 
decay.  It  should  also  be  well  seasoned  before  being  used,  and  if 
these  two  points  are  carefully  attended  to  they  are  frequently  all  the 
timber  requires  to  preserve  it.  The  bark  should  also  be  removed 
before  the  timber  is  used  underground ;  if  this  is  done,  there  is  less 
liability  to  decay,  and  when  this  does  set  in  it  is  easier  detected. 

Various  methods  of  preventing  dry  rot  have  been  tried.  Good 
ventilation  is  necessary,  as  timber  decays  much  faster  in  foul,  hot 
air  than  in  a  pure  atmosphere.  Water  is  also  a  good  preservative, 
and,  in  some  places,  the  shaft  timber  is  kept  wet  for  this  purpose. 
The  water  acts  by  washing  off  the  spores  of  the  fungi  as  fast  as  they 
are  formed. 

The  various  methods  of  preserving  timber  are : — 

(1)  By  common  salt  dissolved  in  water. 

(2)  By  impregnation  with  metallic  salts,  such  as  sulphates  of  copper  and  iron, 

chlorioes  of  zinc,  or  magnesium,  etc. 

(3)  By  the  use  of  creosote. 

(4)  By  coating  with  tar,  etc. 

Timber  is  often  treated  with  brine  made  with  common  salt,  in  the 
proportion  of  1  lb.  of  salt  to  4  or  5  gallons  of  water,  the  timber 
being  allowed  to  get  thoroughly  soaked  with  the  solution.  It  has 
the  advantage  of  being  cheap  and  easily  applied.     Sulphate  of  iron 

M 
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is  also  much  used,  and  has  the  recommendation  of  being  effective  and 
cconomicaL 

Chlorides  of  magnesium  and  zinc  are  used  for  preserving  timber. 
In  the  zinc  process,  a  solution  of  chloride  of  zinc  is  forced  under 
pressure  into  the  timber.  The  solution  consists  of  one  part  of  liquid 
chloride  of  zinc  (specific  gravity  of  1-5)  mixed  with  35  gallons  of 
water.  One  gallon  of  this  solution  weighs  15  lbs.  and  contains 
about  3J  lbs.  of  metallic  zinc. 

This  process  is  said  to  make  the  wood  firm,  hard,  and  proof  against 
the  attacks  of  insects  and  dry  rot. 

Aitken  Process, — In  this  process  the  timber  is  soaked  in  boiling 
water  containing  a  strong  solution  of  common  salt  and  chloride  of 
magnesium.  The  proportion  of  common  salt  to  the  latter  should  be 
7  to  1,  and  a  certain  proportion  of  undissolved  salt  requires  to  be 
kept  at  the  bottom  of  the  tank  used  for  steeping.  The  timber 
treated  should  be  free  from  bark,  well  seasoned,  and  thoroughly  dry. 
The  plant  used  at  the  Niddrie  Collieries,  near  Edinburgh,  where  this 
system  is  in  operation,  consists  of  two  rectangular  iron  tanks  made 
of  J-in.  boiler  plate,  19  ft.  long,  4  ft.  wide,  and  3  ft.  deep,  built  into 
a  brick  seating  with  a  hearth  beneath.  The  boilers  are  fired  with 
dross,  and  the  tanks  have  a  covering  of  loose  boards. 

The  props  are  boiled  for  48  hours ;  pitch  pine  and  larch  require 
longer  treatment  than  softer  woods.  When  the  timber  is  removed 
from  the  tanks,  it  is  stacked  in  a  covered  shed  with  free  access  of  air, 
to  dry,  as  it  is  quite  soft  and  not  fit  for  immediate  use. 

Cost  of  using  Preparation. — With  the   above   plant  15   tons  of 
timber  can  be  treated  weekly  at  a  cost  of   £2,   12s.  8d.,  or  about 
3s.  6d.  per  ton,  which  represents  about  Is.  5d.  per  100  ft.  of  6-in. 
diameter  prop  wood.     The  plant  itself  cost  about  £100. 

The  process  is  said  to  make  the  timber  brittle,  and  when  it  is  used 
as  *  sleepers '  on  roadways  the  nails  do  not  hold  well,  owing  to  the 
oxidation  occasioned  by  the  salts  present.  To  overcome  this  difl&culty 
galvanised  nails  should  be  used.  This  method  of  treating  timber  is 
employed  at  a  number  of  collieries  in  Scotland,  among  which  are  the 
Cadzow  Collieries,  Hamilton;  Auchinraith  Colliery,  Blantyre;  the 
Leven,  and  Lochore  Collieries,  Fife;  and  others. 

Creosote  Method. — Impregnating  timber  with  crude  creosote,  which 
was  first  tried  in  1842,  is  one  of  the  best  methods  of  preserving 
timber,  but  such  timber  has  the  great  disadvantage,  particularly  for 
mine  work,  of  being  very  readily  ignited,  and  is,  therefore,  less  suitable 
for  underground  work  than  for  other  purposes.  For  railway  sleepers 
at  the  surface,  and  even  underground  where  no  danger  of  fire  exists, 
creosoting  adds  greatly  to  the  *  life '  of  the  wood. 

The  efibcts  of  creosote  are  threefold:  (1)  it  fills  the  pores  and 
prevents  saturation  with  water;  (2)  it  destroys  organic  life; 
(3)  the  carbonic  acid  coagulates  the  albuminoids  present  m  the 
wood  and  prevents  decay. 
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Coal  Tar, — Painting  the  timber  with  liquid  tar  is  sometimes  resorted 
to,  but  this  also  confers  the  disadvantage  of  being  easily  ignited. 

Painting  the  props  with  ordinary  whitewash  is  also  a  plan  adopted, 
and  one  which  gives  fairly  good  results.  While  preservatives  un- 
doubtedly prolong  the  life  of  timber  in  underground  workings,  they 
seem,  at  the  same  time,  to  decrease  its  strength  to  a  considerable 
extent.  *  Prof.  Louis  has  made  a  number  of  experiments,  which 
show  that  timber  thoroughly  creosoted  was  diminished  in  strength 
to  the  extent  of  8*5  per  cent.,  while  woods  treated  by  the  Aitken 
process  were  weakened  from  8  to  20  per  cent.,  according  to  the  kind 
of  timber  treated. 

t  The  following  table  shows  the  results  of  tests  made  at  Saint  Eloy, 
in  France,  upon  different  methods  of  treating  oak,  fir,  pine,  beech, 
birch,  and  poplar  woods.  Two  specimens  out  of  every  ten  experi- 
mented on  were  used  in  the  natural  state.  The  others  were  treated 
with  solutions  of  (1)  tar,  (2)  chloride  of  zinc,  (3)  sulphate  of  copper, 
(4)  sulphate  of  iron,  and  (5)  creosote,  respectively. 

The  following  table  shows  the  relative  duration  of  different  pre- 
served woods  (unpreserved  wood  =30). 


Name  of 

Name  of  Wood. 

Preservative. 

Oak. 

Fir. 

Pine. 

Beech. 

Birch. 

Poplar. 

Tar,     .        .        . 

►      287 

2r)3-5 

87-5 

105-4 

26-2 

150-5 

Chloride  of  ziiic,  . 

10-5 

50-0 

26*3 

18-6 

52-5 

34  7 

Sulphate  of  copper, 

42-1 

12-0 

8-0 

1-8 

2-5 

15-5 

Sulphate  of  iron,  . 

18-0 

12-5 

4-2 

47 

37 

2-9 

Creosote, 

17 

2-5 

4-4 

0-6 

3-3 

1-3 

*  Trans,  InsL  M.  E.,  vol.  xv.  }).  352. 

+  Comptes-rendiLS  nunsuel  des  Reunions  de  la  SocUU  dc  V Industrie  Mindrale, 
1890,  p.  225. 


OHAPTEE  IX. 

WINDING  COAL. 

Preliminary. — The  operation  of  winding  or  raising  the  coal  from 
the  underground  workings  to  the  surface  is  one  of  the  most  im- 
portant parts  of  the  daily  work  of  a  colliery,  for,  in  many  cases, 
the  output  is  limited  only  by  the  means  available  for  raising  the 
coal.  When  once  the  winding  machinery  is  erected,  it  is  clear  that 
whatever  the  demands  may  become,  the  quantity  of  coal  raised  per 
day  cannot  exceed  the  capabilities  of  the  machinery  or  the  winding 
power.  It  follows,  therefore,  that  what  may  be  termed  increased 
cost  in  the  winding  gear  is  of  very  small  importance,  when  compared 
to  the  great  advantage  that  may  accrue  from  having,  what  may 
appear  at  the  time,  superfluous  power  which  can  be  employed  in  case 
of  need  and  if  the  output  is  capable  of  extension.  All  other 
surface  arrangements  must  be  subsidiary  to  the  necessity  of  dealing 
effectively  with  the  coal  when  drawn,  otherwise  much  vexatious 
expense  and  delay  will  be  entailed. 

Pit-head  Frames. — Pit-head  frames  were  at  one  time  almost 
entirely  constructed  of  wood,  but  of  recent  years  wrought  iron  and 
steel  have  been  extensively  used  in  their  construction.  Where  a 
frame  has  to  stand  for  thirty  to  fifty  years,  or  possibly  longer,  it  is  a 
matter  of  economy  to  adopt  iron  or  steel  structures,  as  they  are 
more  stable  and  are  not  liable  to  decay  like  wood  frames.  In  cases 
where  the  latter  are  employed  pitch  pine  timbers  are  generally 
selected,  the  size  of  the  wood  depending  upon  the  height  of  the 
frame  and  the  load  to  be  raised.  The  following  sizes  are  often  used 
in  practice : — for  frames  20  to  30  ft.  high,  front  stays  and  main 
supports  10  to  12  in.  square;  for  frames  30  to  40  ft.  high,  front 
stays  and  main  supports  12  to  14  in.  square ;  and  for  frames  40  to  60 
ft.  high,  the  whole  of  the  wood  would  be  14  in.  to  18  in.  square. 

Pit-head  frames  are  usually  of  two  kinds,  single  and  double,  both 
sorts  being  largely  used,  according  to  the  preference  of  those  erecting 
them  and  the  class  of  work  for  which  they  are  designed.  For 
heavy  loads  and  where  pumping  is  required,  and  tackling  has  to  be 
tixed  to  the  frame,  the  double  type  of  frame  is  most  suitable;   a 
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further  advantage  being  that  pulleys  for  haulage  ropes  can  easily 
be  erected  ou  them,  so  saving  the  erection  of  another  frame  for  them 


KfidO' 


Fig.  189.— Side  Elevation. 


Fig.  190.— Front  Stays. 


close  to  the  pit  mouth  where  the  room  can  often  be  ill  spared. 
Where  no  pumping  is  necessary,  a  good  single  frame  is,  on  the  other 


Fig.  191.— Back  Stays. 


Fig.  192.— Side  ElevatioD. 


hand,  just  as  good  for  winding,  is  neater,  more  easily  erected,  and  is 
less  expensive  than  a  double  one. 
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189-194   show  two  good  types  of   double  wood  frames. 


iS'^iB' 


Fio.  193.-Front  Stay..  pia.  194.-Back  Stays. 

Figs.    195,  196   show  a  type   much   in  use  at  large   collieries  in 
bcotland,    and   known    locally   as   a    Hable   frame.'      Where   much 


Figs.  195,  Ji  r. — Pit  frames  and  pit-head  gear. 
pumping  is  done,  and   block-and-tackle   pulleys   have  often  to  be 
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suspended  from  the  frame,  or,  as  is  the  practice  at  some  collieries 
for  to  place  the  pulleys  for  haulage  ropes  on  tlie  frame,  as  well  as 
the  winding  pulleys,  then  this  type  of  table  frame  is  possibly  the 
best  form  that  can  be  adopted. 

The  whole  construction  should  be  firmly  and  carefully  put 
together  by  careful  and  experienced  workmen,  and  the  parts  fitted 
together  previous  to  its  erection,  so  that  every  part  fits  exactly.  The 
cross-stays  should  be  morticed  into  the  uprights,  about  3  in.  being 
generally  allowed,  all  the  parts  being  well  bound  to  each  other  by 
good,  strong  wrought-iron  glands  and  plates. 
Fig.  197  shows  the  details  of  these  glands 
and  the  manner  of  fixing.  The  wood  in 
the  frame  should  be  smoothly  planed,  and 
two  or  three  good  coats  of  paint  should  be 
applied  to  preserve  it  from  the  weather. 
It  should  also  be  repainted  every  second 
year  at  least ;  this  will  prevent  decay 
setting  in. 

Generally,  the  back  and  front  stays  are 
fixed  at  the  bottom  on  sole-pieces  running 
across  the  front  of  the  pit  and  at  right 
angles  to  the  end  of  the  back  stays.  These 
sole-pieces  should  rest  on  a  good  foundation 
of  brick  or  concrete  above  the  surface  of 
the  ground,  to  prevent  moist  earth  from 
coming  in  contact  with  the  wood,  which 
will  help  greatly  to  prevent  decay.  Prob- 
ably the  best  way  is,  however,  to  omit  these  sole-pieces  and  to  fix  the 
ends  of  both  back  and  front  stays  into  cast-iron  shoes  which  rest 
on,  and  are  firmly  bolted  to,  pillars  of  masonry  or  concrete.  The 
seam  at  the  top  of  the  shoe  should  be  well  filled  with  putty  to  prevent 
water  lodging,  otherwise  this  method  of  fixing  is  of  little  advantage 
so  far  as  the  prevention  of  decay  is  concerned. 

The  position  of  the  back  stays  in  regard  to  those  in  front  is  a  very 
important  consideration,  as  it  is  on  this  part  of  the  frame  the  tension 
due  to  the  winding  ropes  exerts  itself.  The  back  stays  ought  to  be 
put  up  with  a  fairly  large  angle,  otlierwise  the  frame  is  liable  to  be 
drawn  over  by  the  tension  or  pull  on  the  ropes ;  on  the  other  hand, 
they  ought  not  to  be  erected  with  too  large  an  angle,  otherwise  their 
own  weight  will  exert  a  pressure  on  the  front  stays  and  tend  to  push 
the  latter  out  of  position. 

A  good  plan  is  to  make  the  distance  between  the  centre  of  the 
shaft  and  the  foot  of  the  back  stays  about  equal  in  length  to  the 
height  of  the  frame  or  even  longer  :  or  else  the  distance  should  equal 
the  height  of  the  frame  multiplied  by  the  tangent  of  the  angle  made 
by  the  ropes  with  the  pulley  and  drum.  Suppose  the  pit-head  frame 
is  60  ft.  high,  and  that  the  angle  that  the  ropes  make  between  the 


Fig.  197. 


-Manner  of  fixing 
Glands. 
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drum  and  pulley  is  50",  then  60  x  tan  50°  (1-1918)  =  71-5  ft.,  the 
distance  the  back  stay  ought  to  be  from  tlie  centre  of  the  shaft. 
The  position  for  the  back  stays  may  also  be  found  graphically  by 
employing  the  principle  of  the  parallelogram  of  forces.  Let  x  y  he 
the  ground  line  (fig.  198),  d  the  position  of  the  drum,  and  p  the 
position  of  the  pit-head  pulley.  Draw  a  line  a  d  between  these  two, 
and  another  line  a  c  representing  the  part  of  the  rope  hanging  in 
the  shaft  to  which  the  load  is  attached.  Ascertain  what  the  total 
load  to  be  raised  amounts  to.  Now,  along  the  lines  a  d  and  a  c,  two 
forces  which  arc  equal  and  opposite  to  each  other  will  be  acting,  the 
force  along  a  d  being  that  due  to  the  pull  of  the  engine  required  to 
raise  the  load,  while  the  force  along  the  line  a  c  will  be  exerted  by 
the  load  itself  pulling  in  a  downward  direction.     With  any  suitable 


Fig.  198. 


scale,  say  1  in.  to  represent  1  ton  of  load,  lay  off  the  distance  a  c 
equal  to  the  total  load,  and  along  the  line  ac?,  lay  off  the  same 
distance  a^;  but  to  allow  for  contingencies,  such  as  undue  strain 
due  to  an  over- wind,  wind  pressure,  etc.,  it  is  better  to  make  the 
distance  a  h  along  the  line  a  d  equal  to  twice  a  c.  From  the  point 
b  draw  a  line  b e  pamllel  to  a c,  and  another  line  c e  parallel  to  ab; 
a  line  joining  the  points  a  e  represents  the  resultant  of  the  forces 
a  c  and  a  b,  and  the  point/  where  it  cuts  the  ground  line  will  be  the 
position  for  the  back  stay. 

Iron  or  Steel  Frames.— As  already  stated,  pit-head  frames  are 
often  constructed  of  iron  or  steel.  On  the  Continent  the  frames  are 
sometimes  made  of  tubular  material,  but  this  type  of  frame  has  never 
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come  much  into  use  in  Britain  ;  those  most  generally  employed  being 
constructed  either  on  the  lattice  girder  principle  or  of  angle  iron  in 
conjunction  with  box  girders. 

Figs.  199,  200  show  a  frame  mainly  made  in  this  way,  70  ft.  high, 
which  is  less  expensive  than  a  lattice  girder  frame.  The  cost  of 
such  a  frame  would  be  about  £350,  including  erection.  At  Palace 
Colliery  and  Bent  Colliery,   Hamilton,   the  principal  parts  of  the 


Fig.  199.— Steel  Frame  (side  elovatiou). 


Fig.  200.— Steel  Frame 
(back  stayii). 


frames  are  constructed  of  ordinary  railway  rails  and  lattice  work  on 
the  back  stays.  Figs.  201a-204  show  this  class  of  frame,  which  makes 
both  a  neat  and  strong  Section. 

Winding  Engines.— AVinding  engines  may  be  divided  into  two 
classes,  viz. :  (1)  Direoft-acting  coupled  engines,  (2)  non-direct-acting 
geared  engines,  eithej?  of  which  may  be  horizontal  or  vertical.  The 
best  type  of  winding  macliincry  is  a  pair  of  coupled  direct-acting 
engines  placed  honfoontally,  as  they  are  eflficient.  compact,  easily 
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Fig,  201,— Side  Elevation. 


Fig.  202.— Front  Stavs. 


Plan  on  A . 
P..;.  2  4. 


FiOf  203.  — Backstays. 
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cleaned  and  repaired,  and  well  in  view  of  the  engineman.  Figs.  205, 
206  show  the  general  arrangement  of  a  pair  of  horizontal  direct- 
acting  engines. 

Condensing  and  expansion  forms  of  winding  engines  have  never 
come  much  into  use,  owing  to  the  difficulty  of  application,  the  rapid 
winding  and  frequent  starting  and  stopping  being  agamst  their 
working  economically.  At  a  few  collieries,  however,  they  have  been 
employed  with  fairly  good  results. 


Figs.  205,  206.— Horizontal  engines,  with  both  cranks  shown  in  position  at 
end  of  stroke. 

Coupled  engines  working  at  high  pressure  and  provided  with 
automatic  cut-off  valves  are  possibly  the  most  efficient  and  economical 
type  of  machine  for  winding  coal,  as  their  Nvorking  parts  are  few  and 
not  so  complicated  as  in  compound  condensing  engines. 

Single-acting  engines  may  be  employed  for  winding  small  outputs 
from  shallow  shafts,  if  geared  and  fitted  with  a  heavy  fly-wheel. 
Such  engines  are  not,  however,  to  be  recommended,  as  they  are  very 
unsteady  in  their  motion,  and  occasion  delay  and  annoyance  when 
they  stop  on  a  'dead  centre.' 

The  following  conditions  should  be  satisfied  in  a  good  winding 
engine : — 

(1)  It  should  be  as  direct-acting  as  possible,  i.e.,  the  connecting  par*.s  between 
the  piston  and  the  crank  shaft  should  be  few  in  number,  as  each  part 
entails  a  waste  of  power. 
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(2)  The  moving  parts  should  be  strong  to  resist  stresses,  and  at  the  same  time 

light  enough  to  offer  no  undue  resistance  to  motion.  Parts  moving 
upon  each  other  should  be  carefully  and  smoothly  machined  in  order 
to  reduce  friction  to  a  minimum. 

(3)  The  steam  should  reach  the  cylinder  easily  at  the  proper  time,  and  should 

also  bo  able  to  leave  the  cylinder  as  easily. 

(4)  The  engine  should  be  capable  of  being  readily  and  immediately  stopped, 

started,  or  reversed. 

Speed  of  Engine, — The  speed  of  winding  engines  varies  according 
to  the  size  and  class  of  engine,  but  250  to  400  ft.  per  minute,  as  the 
rate  of  piston  travel,  is  considered  good  speed  for  winding  engines. 

Positimi  of  Windi?i(j  Engine, — The  laying  down  of  the  winding 
engine  in  a  proper  position  is  a  very  important  matter.  The  exact 
site  will,  of  course,  depend  on  the  position  of  the  winding  dnun,  as 
the  engines  should  be  placed  at  a  suitable  distance  back  from  the 
shaft  to  afford  sufficient  inclination  for  the  ropes  from  the  pit-head 
pulleys  to  the  drum. 

The  distance  that  the  drum  should  be  from  the  centre  of  the  shaft 
is  equal  to  about  1  to  1|  times  the  height  of  the  pit-head  frame, 
which  will  give  a  fairly  good  angle  for  the  ropes  to  work  at.  Some- 
times the  position  of  the  drum  is  fixed  so  as  to  give  the  winding  ropes 
an  inclination  of  45**  with  the  pulleys. 

Having  determined  the  exact  position  of  the  drum  in  relation  to 
the  shaft,  it  must  be  set  off  with  great  accuracy,  either  by  measure- 
ment alone  or  with  the  aid  of  the  theodolite. 

The  method  of  procedure  is  to  get  the  exact  centre  of  the  shaft, 
or  centre  of  barring  on  either  side  of  the  pit,  by  means  of  two  cords, 
a  a^  and  h  b^  (fig.  207),  stretched  across  the  pit  at  right  angles  to 


^ 


Fig.  207. 

each  other.  From  the  centre  of  these  two  cords,  take  another  cord, 
0  c,  equal  in  length  to  the  distance  the  drum  has  to  be  placed  from 
the  centre  of  the  shaft,  and  drive  a  stake  at  c.  If  the  cord  is  in  a 
straight  line,  the  point  c  will  be  the  centre  line  for  the  drum,  but  it 
should  be  tested  by  two  side  cords,  a  c  and  a^  c,  the  exact  lengths 
of  which  can  be  calculated,  since  a  c^  =^  o  c^  ■\- o  a^,  and  likewise 
flfi  c^  =  0  c^  +  a}o-.     Both  these  cords  should  then  be  taken,  and  if  tlie 
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point  c  has  been  properly  fixed,  the  ends  of  a  c  and  a^  c  will  also 
coincide  with  this  point  and  give  the  centre  line  of  the  drum. 


Figs.  208,  209,  210. 

Engine  Seats. — Winding  engines  are  secured  in  their  position  by 
seats  of  wood,  brick,  or  concrete,  or  a  combination  of  the  two  latter. 


190 


PRACTICAL  COAL-MINING. 


-50'- 


For  small,  single  cylinder  engines  wood  seats  are  largely  used,  as  they 
are  easily  put  into  position  and  are  cheap  at  first  cost ;  but  they  have 
the  disadvantage  of  being  easily  set  on  fire  and  are  not  so  stable  as 
brick  or  concrete.  The  wood  may  be  either  pitch  pine  or  oak  logs, 
generally  the  former  is  used,  the  principal  beams  being  18  in.  to  24 
in.  square  and  the  others  12  in.  to  16  in.  square.  For  an  engine 
with  cylinder  18  in.  diameter,  16  or  18  beams  would  be  required,  and, 
as  pitch  pine  costs  Is.  6d.  to  28.  per  cubic  foot,  the  cost  of  the  engine 
seat  would  be  from  £20  to  £30.  Figs.  208-210  show  the  arrange- 
ment of  a  wooden  seat. 

Brick  or  concrete  seats  are,  however,  preferable  to  those  made  of 
wood,  as  they  give  the   engines  a  firmer  foundation   and  a  more 

solid    bed,    and    are    not 
Better  it'per  ft  p-^-^y>-j      susceptible  to  fire.     Figs. 

211-213  show  the  con- 
struction of  such  a  seat 
composed  of  brick  and 
concrete  for  a  pair  of  hori- 
zontal winding  engines, 
\vith  cylinders  25  in. 
diameter.  To  fix  the 
binding  bolts,  wood  rhones 
4  in.  square  are  gener- 
ally built  in  at  the  exact 
position  for  each  bolt,  and 
a  set  of  *  pigeon-holes ' 
left  along  the  foot  of  the 
seat  to  fix  the  washers 
and  cotter  on  the  bind- 
ing bolt.  Brick- work  for 
engine  seats  costs  about 
15s,  per  cubic  yard,  in- 
cluding labour,  etc. ; 
cement  alone  18s.  per 
cubic  yard ;  and  concrete 
alone  10s.  to  12s.  6d.  per 
cubic  yard. 

Winding  Eopes. — The 
different  forms  of  winding 
ropes  used  are  :  (1)  flat, 
(2)  circular,  (3)  tapered ; 
and  the  materials  used  in  their  construction  are  :  (a)  hemp  or 
other  fibres,  (h)  iron  (c)  steel.  Hemp  ropes  may  be  conveniently 
used  for  shallow  pits  and  light  loads,  because  of  the  facility 
with  which  they  can  be  made  to  coil  round  small  drums.  They 
are  also  much  used  on  winches  for  other  colliery  work.  The 
gieat    objection    to    their    use    under    other    conditions    is    their 
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211-213. — Plan,  end  and  side  elevation  of 
Brick  and  Concrete  Seat. 
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weight;  the  weight  of  hemp  rope  for  a  breaking  load  of  20  tons 
would  be  about  20  lbs.  per  fm.,  while  the  weight  of  a  steel  rope 
for  the  same  breaking  load  (20  tons)  would  only  be  about  6  lbs.  per 
fm.  On  the  Continent  of  Europe  ropes  made  of  manilla  and  of 
aloe  fibres  are  greatly  in  favour,  even  for  very  heavy  loads  and  deep 
pits,  and  seem  to  be  preferred  to  steel  ropes,  and  they  are  said  to 
give  good  results  both  as  to  wear  and  safety. 

Iron  Hopes  are  still  a  good  deal  used,  and  are  recommended  by 
some  as  superior  to  steel,  both  as  regards  wear  and  in  affording  better 
indications  before  breaking,  besides  being  more  pliable.  But  with 
the  different  qualities  of  steel  now  in  use,  these  advantages  over  steel 
ropes  no  longer  hold  good,  as  varieties  of  the  latter  can  now  be  had 
suitable  for  work  under  almost  any  circumstances. 

There  are  four  qualities  of  steel  wire  used  for  making  winding 
ropes,  viz. : — 

per  sq.  in.  sectional  area. 
Extra  plough  steel  with  breaking  strain  of  110  to  120  tons. 
Mild  „  „  „  95  to  100 

Best  patent      ,.  ,,  ,,  80  to    85 

Bessemer  ,,  ,,  ,,  40  to    45 

For  shallow  pits  where  the  load  is  light,  it  is  found  that  Bessemer 
steel  ropes  are  the  most  economical,  because  the  first  cost  is  con- 
siderably lower  than  that  for  those  made  from  higher  qualities  of 
steel. 

Flat  Steel  Ropes. — This  kind  of  rope  is  not  much  used  for  winding, 
nor  is  it  to  be  recommended  for  such  purposes.  It  is  more  difficult 
to  get  a  perfect  flat  rope  than  a  circular  one  ;  the  latter  throughout 
being  made  by  machinery,  whereas  the  stitching  of  the  flat  rope  is 
done  by  hand.     The  disadvantages  of  flat  ropes  are  : — 

(1)  Greater  first  cost,  such  ropes  being  30  per  cent,  to  50  per 
cent,  more  costly  than  circular  ones. 

(2)  Very  much  shorter  life. 

(3)  Greater  liability  to  failure. 

Against  this,  the  only  advantage  is  the  greater  diameter  of  the 
drum  of  the  descending  rope  which  assists  to  lift  the  load  at  the 
beginning  of  the  wind. 

Circular  Ropes. — These  ropes  are  most  largely  used  and  are  made 
of  from  4  to  7  strands,  each  strand  consisting  of  5  to  37  wires,  and 
for  some  purposes  even  more.  Haulage  ropes  are  preferably  made 
of  six  strands,  containing  7  wires  each.  The  strands  are  usually 
laid  roiuid  a  hemp  core,  made  of  long  fibre  Russian  hemp,  or  where 
clips  are  used,  as  in  haulage,  of  Manilla  hemp,  which  has  a  harder 
fibre  and  is  less  liable  to  detcriomte.  This  hemp  core  should  be  care- 
fully treated  with  linseed  oil  or  other  preservative,  to  prevent  wast- 
ing from  internal  friction. 

Wire  of  a  soft  quality  steel  is  preferable  for  haulage,  especially 
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where  clips  are  used,  and  because  it  bends  round  quick  curves 
with  ease,  and  winds  round  small  pulleys  without  injury.  The 
essential  features  in  a  good  winding  rope  are  flexibility  and  strength, 
and  it  is  desirable  to  obtain  these  qualities  with  the  least  possible 
weight.  The  weight  of  a  winding  rope  is  a  very  important  matter ; 
the  dead  weight  to  be  lifted  by  the  engine  should  be  as  little  as 
possible.  Another  point  to  be  considered  is  that  the  strength  of  the 
rope  is  in  some  degree  dependent  on  its  own  weight,  as  the  weight  of 
the  portion  suspended  in  the  shaft  must  be  subtracted  from  that  of 
the  safe  load. 

Life  or  Durability  of  Ropes. — This  will  in  a  great  measure  depend 
on  the  treatment  they  receive  and  the  work  performed  daily.  Mr 
W.  E.  Hipkins  states  that  the  life  of  a  rope  will  depend  on  the 
following  points. 

(1)  The  quality  and  temper  of   the  wire,  having  regard  to  the 

stresses  the  rope  has  to  bear,   and  the  conditions  under 
which  it  has  to  work. 

(2)  Its  construction  as   regards   number   of   wires,   strands  and 

nature  of  core. 

(3)  The  ratio  of  the  lay  of  its  wires  to  that  of  its  strands  and  their 

proportions  to  the  diameter  of  the  drum  or  pulley  over 
which  it  works. 

(4)  The  nature  of  the  dressing  with  which  it  is  lubricated  and  the 

mode  and  frequency  of  its  application. 

(5)  The  number  and  angle  of  the  turns  it  is  required  to  make  in 

working. 

All  ropes  ought  to  be  well  tested  at  stated  intervals,  by  taking  a 
piece  nearest  the  cage  and  applying  tensile  and  torsion  test  to 
each  individual  wire.  The  tensile  test  consists  in  fracturing  the 
wire  by  direct  stress.  The  torsion  test  means  that  the  wire  must 
stand  a  certain  number  of  twists  in  a  length  of  8  in.  without  cracking. 
The  bending  test  is  sometimes  used  at  collieries,  and  consists  in  fixing 
a  single  wire  in  a  vice,  and  then  bending  it  at  right  angles  a  given 
number  of  times  to  see  whether  the  wire  shows  signs  of  failure. 

Winding  ropes  should  also  be  re-capped  at  least  every  six  months, 
as  this  gives  an  opportunity  of  examining  the  inside  wires  and  also 
changes  the  lifting  point  of  the  rope  on  the  pit-head  pulleys.  Ropes 
should  also  be  well  dressed  or  lubricated,  the  lubricant  to  be  applied 
with  a  stiff  brush.  Wherever  practicable,  the  rope  should  be  allowed 
to  nm  through  a  trough,  having  brushes  filled  with  the  lubricant 
fixed  on  either  side.  Ropes  treated  with  a  good  lubricant  last  from 
25  per  cent,  to  50  per  cent,  longer.  The  dressing  should  be  applied 
at  least  once  a  week.  A  good  lubricant  is  miade  from  the  following 
ingredients;  tar,  summer  oil,  mica  and  axle  grease,  in  varying  pro- 
portions to  suit  varying  conditions.  The  tar  and  oil  must  be  free 
from  acids.     This  combination  is  said  to  thoroughly  penetrate  the 
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wires  and  prevents  rust  and  so  fills  the  cable  as  to  give  it  an  appear- 
ance of  solidity ;  it  resists  water  successfully,  and  does  not  strip.  It 
is  stated  to  cost  only  about  one-eighth  as  much  as  ordinary  lubricants 
and  to  give  better  results. 

Care  and  Management  of  Ropes. — Wire  ropes  ought  to  be  care- 
fully stored  and  should  on  no  account  be  placed  on  the  ground,  but 
upon  sound  planks  raised  several  inches  from  the  soil,  so  that  they 
may  be  kept  free  from  damp ;  they  should  also  be  covered  over  with 
tarpaulin  and  inspected  frequently,  besides  having  a  coating  of  some 
lubricant  at  regular  intervals.  Care  should  be  taken  in  uncoiling 
wire  ropes  to  prevent  *  kinking ' ;  they  should,  during  the  process,  be 
placed  on  a  reel  or  drum  when  being  *  paid '  out.  During  working, 
the  greatest  stress  on  a  rope  being  at  the  moment  of  starting,  every 
care  should  be  taken  to  ensure  perfect  steadiness,  as  jerking  is  very 
bad  for  ropes.  No  rope  should  ever  be  changed  from  a  larger  to  a 
smaller  drum,  but  it  will  do  no  harm  to  change  it  from  a  smaUer  to 
a  larger. 

If  the  following  precautions  are  taken  and  carefully  carried  out, 
few  accidents  will  occur  to  winding  ropes : — 

(1)  Choose  a  good  quality  of  rope  from  a  maker  of  good  repute,  and  pay  a  fair 

price  for  it. 

(2)  Make  minute  examinations  of  the  rope  at  frequent  intervals. 

(3)  Protect  the  rope  as  far  as  possible  from  the  action  of  the  atmosphere  and 

from  water  by  frequently  lubricating  it. 

(4)  Recap  the  rope  and  reverse  it  every  six  months. 

(5)  Test  portions  at  regular  intervals. 

(6)  Discard  the  rope  after  it  has  been  in  use  a  certain  fixed  time,  even  if  it  is 

apparently  sound,  so  far  as  outside  examination  shows. 

A  careful  record  ought  to  be  kept  of  all  ropes,  showing  the  length 
of  time  at  work  and  the  quantity  of  mineral  raised  by  them  and  also 
the  speed  at  which  they  worked,  as  it  is  only  by  doing  so  that  a  fair 
comparison  can  be  instituted  between  different  ropes. 

Hope  Cappings  or  Attachments. — The  proper  capping  of  winding 
ropes  is  of  great  importance,  for  it  is  at  such  attachments  that  the 
rope  wears  quickest,  and  consequently  where  it  will  be  most  likely  to 
give  way.     The  cappings  are  fixed  on  the  ropes  in  a  variety  of  ways. 

In  the  old  method,  which  is  still  used  to  a  considerable  extent,  the 
capping  is  formed  by  two  semi-circular  sockets  which  nearly 
surroimd  the  rope,  thickened  out  at  the  bottom  end  and  formed  into  a 
link  for  attaching  to  the  cage  chains  (fig.  220).  The  rope  is  fixed  in  this 
cap  by  rivets  which  pass  through  the  capping  and  rope.  To  secure 
the  rope  properly,  a  part  of  the  end  is  taken  and  the  wire  strands 
frayed  out  and  bent  back  on  themselves,  the  part  of  the  rope  to  which 
this  is  done  being  firmly  woimd  with  tarred  cord  and  tapered  upward, 
to  suit  the  shape  of  the  capping  or  socket.  When  this  is  finished 
the  socket  is  fited  on,  and  holes  are  carefully  made  through  the  rope 
with  a  marlinspike,  to  coincide  with  the  rivet  holes  in  the  capping ; 
as  each  hole  is  made,  a  rivet  is  driven  through  and  well  hammered 
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when  in  position.  This  method  gives  fairly  good  results  if  the 
riveting  is  done  carefully,  but  there  is  always  the  possibility  of 
damaging  the  wires  when  the  rivet  holes  are  being  made. 

Another  method  is  to  use  a  socket  with  hoops,  as  in  figs.  214-216. 
The  rope  is  treated  as  already  described,  and  drawn  into  the  socket, 
and  the  rings  then  hammered  firmly  down  into  position.  A  third,  and 
perhaps  the  best  method,  is  to  use  a  conical  socket  or  capping,  which 
requires  neither  rings  nor  rivets  (see  fig.  217).  The  capping  is 
made  with  a  conical  opening,  and  through  this  opening  and  for  some 
feet  beyond,  the  end  of  the  rope  is  drawn.  The  strands  are  now 
opened  up  as  before,  and  laid  back  over  themselves,  some  of  the  wires 
being  cut  off,  and  the  rest  carefully  wound  with  copper  wire  imtil 
the  end  of  the  rope  itself  assimies  a  conical  form ;  it  is  now  drawn 
into  the  socket  and  is  ready  for  use.     Except  under  very  exceptional 
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A = wire  rope. 
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B= socket  or  capping. 
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0= hollow  conical  plug. 
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D=wire  lapping  on  rope. 
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E=ends  of  wire  of  the  rope 
turned  back  over  the 
cone. 

F=wire  binding. 

G= loose  rings. 


Figs.  214-216. 


Fig.  217. 


circumstances,  it  will  be  impossible  to  draw  the  thick  end  of  the  rope 
through  the  small  end  of  the  socket  imless  the  capping  were  to  split, 
which  rarely  happens.  For  additional  security  where  heavy  loads 
require  to  be  raised,  a  collar  is  shrunk  on.  Figs.  219,  220  show  the 
method  of  attaching  flat  and  circular  ropes  respectively  with  capels 
and  clamps. 

Strength  of  Ropes, — The  strength  of  ropes  naturally  varies  accord- 
ing to  the  quality  of  the  material  of  which  they  are  constructed.  In 
winding-ropes  a  large  margin  of  strength  should  be  allowed,  and  the 
gross  load,  including  the  weight  of  the  rope  between  the  pit-head 
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pulley  and  the  cage  at  the  commencement  of  the  lift  should  never 
— except  in  rare  cases — exceed  one-tenth  of  the  breaking  strain. 


Figs.  218,  219,  220. 

The  following  formulae  are  often  used  for  finding  the  size  of  ropes 
for  a  given  load,  or  to  calculate  the  breaking  load  for  a  given  size  of 
rope.  These  formulae  give  only  approximate  results,  and  are  not 
strictly  correct  in  every  case. 

Size  of  Ropes. 

Let  W= breaking  load  in  tons  =  safe  working  load  x  factor  of  safety  (M). 
C= circumference  of  rope  in  inches. 

M  =  factor  of  safety  (10  for  winding  and  6  for  haulage  ropes). 
w = safe  working  load  in  tons = coal  +  cage  +  tubs. 


(l)ThenW=C2x    '25. 

/W      ^          /wxlO,     ^ 
*-^-  V-25^^^-  \/    -25    for  hemp  ropes. 

(2)           W  =  C2xl-50. 

'•^-  \/l-5^^^-  V     1-5    ^^"'"^^       " 

(3)           W  =  C2x3.00. 

*.  C-  a/j   orC-  a/     g      for  patent  steel  ropes. 

(4)           W  =  C2x4-00. 

/W      ^          /m;x10,       ,      ^ 
•.C=^-^orO=^  —4—  for  plough       „ 
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These  formulffl  do  not  allow  for  the  weight  of  rope  hanging  in  the  shaft,  and, 
to  correct  this,  a  second  formula  may  be  employed. 

Let  L=load  of  full  cage  in  tons. 
£?= depth  of  pit  in  fathoms. 
M = factor  of  safety. 
G=: circumference  of  rope  in  inches. 

/ L 

(1)  Then  C=      /  vg 3 for  iron  ropes. 


'V   M     1-1 X 
y   M     1-1x2 


I  (2)  C=     /"3 g for  steel  ropes. 

r2240 

Example, — ^Find  the  circumference  of  (a)  a  hemp,  (b)  iron,   (c)  plough-steel 
rope  for  a  safe  working  load  of  4*5  tons. 


(a)     C  =  ^  — 725 —  ~  Vl80    =13*4  inches  for  a  hemp  rope. 

W     C=  ^    ^^5    ^VSO"     =6-47    „      „   an  iron    „ 

(c)     C=  a/ — 7 — =Vir25=  8-86    „      „   a 'plough  steel' rope. 
Or,  by  second  formulse,  supposing  depth  of  pit  was  160  fins.— 

4l  /    4*5  /TS 

4 150~=  V  -4:^=  ^731=8-68  ins.  for  a 'plough 

io-rr^r22ro  '"^^  ''^' 

Weight  of  Ropes. 

Q  f  Let  w=weight  of  rope  in  lbs.  per  fathom  (1)  Then  w=c^  x  '25  for  hemp  ropes. 
\         c= circumference  of  rope  in  inches    (2)  w=c^  x  '9  for  steel  ropes. 

The  weight  of  rope  in  above  calculations  would  be : 

'm;=(13*4  fx  •25=44*89  lbs.  per  fathom  for  hemp  rope 
andw>=(  3*63Px-9  =11-90        „  „  steel     „ 

Strength  of  Cage  Chains. 

/'Let  11;= safe  working  load  in  tons. 
D  J        D = diameter  of  iron  in  eighths  of  an  in.  (i-ths).   Then  w  =  . 


V       M=factor  of  safety  (10  for  cage  chains)  .  \D=\/w  x  M  x  2*5 

JEmmpZe.  — What  size  or  diameter  of  iron  should  be  used  in  cage  chains  for 
above  cjdculations  t 

D=V4^5x~10"x2-5 

=  10*6  eighths  or  —  =  1 J  in.  diameter  of  iron, 
o 
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To  find  the  weight  of  chains, 

Let  W  =  weight  in  lbs.  per  fathom. 

D=:  diameter  in  sixteenths  of  an  inch. 

Then  WsD^x  '21 ;  for  above  size  of  chain  W=(20)2x  -21. 

=  84.  lbs.  per  fathom. 

The  weight  varies  with  the  length  of  link,  but  for  ordinary  makes  the  above 
gives  the  average  weight. 

Counter-balancing. — The  load  of  a  winding  engine  is  often  a  very 
varying  quantity,  particularly  in  deep  shafts,  and  the  power  of  the 
engine  cannot  under  such  circumstances  be  utilized  to  the  best 
advantage,  hence  the  necessity  of  some  compensating  arrangement 
to  equalize  the  load  during  the  *  wind.'  Balancing  the  load  can  be 
eflfected  by  different  methods,  such  as  by ; 

(1)  The  chain  and  staple  arrangement. 

(2)  By  the  tail  rope  method. 

(3^  By  using  conical  or  spiral  drums. 

(4)  By  Koepe's  system  of  winding. 

Chain  and  Staple  Arrangeinent.  —  In  this  method  of  counter- 
balancing, a  staple  pit  is  required  in  addition  to  the  winding  shaft 
(fig.  221).  The  depth  of  this  staple  is  such,  that  when  the  cage  is  at 
the  beginning  of  the 
wind,  the  heavy  chain 
which  is  attached  to 
the  drum  shaft,  and 
which  is  used  as  a 
balance,  will  be  hang- 
ing at  the  top  of  the 
staple;  its  weight  at 
this  position  will  assist 
the  winding  -  engine 
when  most  required, 
i,e.,  Sit  the  start  of 
the  lift,  and  when  the 
cages  are  at  mid  shaft, 
the  whole  of  the  chain 
will  have  accumulated 
at  the  bottom  of  the 
staple.      During    the 

latter  half  of  the  wind,  when  often  the  load  is  a  negative  quantity,  the 
chain  will  again  be  raised  to  the  top  of  the  staple  ready  for  another 
wind.  Thus  during  the  first  half  of  the  wind,  and  when  the  load  is 
greatest,  the  engine  is  assisted;  in  the  latter  half,  when  the  load 
is  a  diminishing  quantity,  the  engine  is  retarded  and  brought  more 
easily  to  a  stop.  The  disadvantage  of  this  method  is,  that  it  often 
requires  a  staple  pit  40  to  50  yards  deep,  involving  considerable 
expense. 

Tail  Rope  Method. — In  this  system  of  balancing  a   *tail   rope,* 


Fig.  221. — Chain  and  Staple  Balance. 
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of  the  same  weight  as  the  winding  ropes,  is  attached  to  the  bottom 
of  each  cage,  and  passes  round  a  beam,  placed  across  the  shaft, 
and  below  the  level  of  the  pit-bottom  (see  fig.  222).  A  pulley 
working  in  a  sliding  frame  was  at  first  used  in  this 
method  instead  of  a  beam,  but  it  does  not  work 
so  well,  as  the  rope  is  apt  to  get  off  the  pulley, 
or  to  pull  it  out  of  position.  When  the  pit 
is  deep  no  pulley  or  beam  is  required,  the 
weight  of  the  rope  causing  it  to  form  a  natural 
loop  of  itself.  This  system  of  counter-balancing 
has  been  found  to  give  good  results,  but  it  is  most 
'  suitable  for  shafts  that  are  comparatively  free 
from  cross  bimtons,  pump  rods,  pipes,  and  other 
apparatus,  although  the  writer  has  known  it 
to  be  successfully  applied  in  rectangular  shafts, 
where  cross  buntons  are  necessary.  The  tail  rope 
should  be  attached  to  a  bar  of  iron  laid  across 
the  bottom  of  the  cage,  the  strength  of  the  bar 
being  less  than  that  of  the  rope,  so  that  in  case 
of  accident  the  latter  may  give  way  rather  than 
the  rope. 

Conical  or  Spiral   Drums.  —  This   method    of 

counter-balancing  would  be  one  of  the  best  that 

could  be  adopted,  but  to  obtain  perfect  balance, 

and  at  the  same  time  to  get  a  satisfactory  degree 

of  wear  out  of  the  ropes,  the  drums  would  often 

Fig.  222.— Tail  Rope  require   to   be  25  or   30  ft.   in  diameter,   which 

Method.  would    make    them   very   heavy  and    expensive. 

Hence  such  drums  are  not  much  used,  and  where 

they  were  employed,  they  have  been  discarded  owing  to  accidents 

taking  place  by 
the  rope  slipping 
on  the  drum.  To 
prevent  slipping, 
a  spiral  groove  was 
sometimes  turned 
on  the  drum.  In 
many  cases  the 
spiral  is  put  on 
the  drum  by  rivet- 
ting  an  angle-iron 
on  shell  plates 
or  an  open-work 
frame,  the  angle- 
iron  forming  a 
continuous  spiral  from  end  to  end  of  the  sloping  portion  of  the  drum 
(fig.  223).     By  this  method  it  is  almost  impossible  for  the  rope  to 


Fig.  223. — Conical  or  Spiral  Drums. 
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slip.  The  drum  is  usually  so  arranged  that  several  coils  of  the 
rope  wind  round  the  flat  centre  part  of  the  drum.  This  enables 
the  latter  to  be  made  smaller  at  the  large  diameter  than  would 
otherwise  be  the  case. 

To  find  the  ratio  between  the  large  and  small  diameters  of  such 
drums  the  following  rule  may  be  used  : — 


Let  a = full  cage  at  pit-bottom 
6= empty  cage  at  pit-top 
c= loaded  cage  at  pit- top 

Then{{a  xx)-[bxy)\=:[{cxy)~{dxx)} 


c£  =  empty  cage  at  bottom 

a; = diameter  of  small  drum  in  ft. 


a+d  c+b 


^it^wi/?/^.— Suppose  full  weight  of  cage  at  pit  bottom  is  4  tons,  full  cace  at  top 
is  3  tons,  empty  cage  at  bottom  4  tons,  and  empty  cage  at  top  1^  tons  ;  let  small 
diameter  of  drum  be  12  ft,  find  what  diameter  large  drum  woiUd  require  to  be 
under  above  conditions. 

Herea  =  4,  h  =  l%  c=3,  (f=4,  and  aj=12    .\  y =^-^^4^=21  ZZ  ft 
,•.  y,  the  diameter  of  the  large  drum,  would  require  to  be  21 J  ft. 

Koepe's  System  of  Winding. — This  system  of  winding  was  invented 
to  secure  a  properly  balanced  load.  Instead  of  a  dnun,  as  in  ordinary 
winding  arrangements,  a  large 
pulley  is  used,  and  only  a  single 
winding  rope  is  required.  The 
same  rope  extends  all  the  way 
from  one  cage  up  over  a  pulley 
on  the  head-gear,  round  the 
engine  pulley,  back  over  the 
second  pulley  on  the  head-gear, 
down  to  the  other  cage,  then  to 
the  bottom  of  the  shaft  where  it 
forms  a  loop,  and  lastly  up  to  the 
cage  from  which  it  started.  The 
friction  between  the  rope  and  the 
engine  pulley  is  sufficient  to  raise 
the  useful  load,  which  represents 
all  the  work  required  to  be  done 
by  the  engine,  since  the  rope  is 
balanced  in  every  position  of  the 
cages. 

This  system  has  never  had  any 
extended  application  for  winding 
in   Britain.      At   the  few   places 


Figs. 


224,  225.— Koepe  System  of 
Winding. 


where  it  was  adopted,  it  has  since  been  discarded  for  the  ordinary 
arrangement.  In  working  it  was  found  that  the  winding  pulley 
did  not  give  sufficient  gripping  power,  and  the  rope  was  apt  to 
slip,  and  allow  the  cages  to  run  back.  Another  danger  was  that  if 
the  rope  broke,  both  cages  would  fall  to  the  bottom.     To  overcome 
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these  difficulties,  a  modification  of  this  system  has  been  adopted, 


Figs.  226,  227.— Spring  Attachment  for  Winding  Ropes, 
which  two  additional  pulleys  are  used  below  those  of  the  head-gear, 
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and  at  right  angles  to  them,  over  each  of  which  a  rope  extends 
from  one  cage  to  the  other.  These  safety  ropes  are  meant  to 
prevent  the  cages  from  falling  away  in  the  event  of  the  main 
winding  rope  breaking.  A  balance  rope  is  also  used,  which  is 
attached  to  the  bottoms  of  the  cages  and  passes  round  a  beam  in 
the  pit  bottom. 

Eeducing  the  Strain  on  Winding  Eopes.— As  the  greatest  strain 
on  a  winding  rope  is  at  the  moment  of  starting,  various  appliances 
have  been  introduced  to  reduce  this  as  much  as  possible.  One  of  the 
first  methods  was  to  put  pieces  of  india-rubber  below  the  *  mingles  *  or 
plummer  blocks  to  give  some  spring  to  the  pulley  when  the  load  is 
lifted.  But  rubber  is  a  bad  substance  for  this  purpose,  as  it  possesses 
a  very  small  amount  of  elasticity,  and  soon  loses  the  little  it  has, 
especially  when  exposed  to  the  weather.  Placing  the  pedestal  on 
springs,  like  an  ordinary  wagon  spring,  has  been  tried  with  much 
success  for  reducing  the  strain  on  the  rope  at  starting  to  wind. 

Spring  Attachment — At  the  Gerhard  colliery  near  Saarbriicken 
in  Germany  a  spiral  spring  arrangement  is  used  for  attaching  the  rope 
to  the  cage.  The  former  is  placed  round  a  sheave,  a,  (figs.  226,  227), 
and  the  loose  end  is  fixed  to  the  rope  by  means  of  four  clips.  A  bolt, 
b,  2|  in.  diameter  runs  through  the  sheave,  to  which  two  round  wrought 
iron  rods,  c,  of  a  diameter  of  2  in.  are  attached  at  their  lower  ends. 
These  rods  are  connected  at  the  bottom  by  another  strong  bolt,  d. 
Upon  this  last  bolt  rests  a  plate  of  cast  steel,  e,  which  receives  the 
powerful  spiral  spring,  /.  The  upper  end  of  the  spring  acts  upon  the 
wrought  iron  plate,  g,  above  which  two  hoops,  h,  are  screwed.  The 
ends  of  these  hoops  are  formed  into  eyes,  which  by  means  of  the  bolt, 
ij  If  in.  diameter,  are  connected  with  the  links  riveted  on  the  cages. 
The  round  rods,  k,  serve  as  guides  to  the  plate,  e.  When  the  cage  is 
raised,  the  spiral  spring  presses  against  the  iron  plate  under  the 
hoops,  and  the  cage  is  lifted  gently.  When  the  rope  above  the  cage 
is  loose,  the  rods,  c,c,  descend  perpendicularly  on  to  the  plate  and  thus 
all  jerking  of  the  rope  is  avoided. 

Spring  Coupling. — Another  apparatus  used  for  the  same  purpose 
is  that  known  as  the  *  spring  coupling.'  Figs.  228,  229  show  this 
apparatus.  It  consists  of  two  plates,  ajUj  working  on  pivots,  and  two 
end  plates,  &,6,  connected  by  links,  c,c,  which  are  pivoted  to  both  of 
these  plates.  The  side  plates  are  held  apart  by  a  spring,  d,  through 
the  centre  of  which  passes  a  loose  rod,  e,  one  end  of  which  is  fixed 
rigidly.  When  a  sudden  strain  is  put  on  the  end  plates,  a,af  the  side 
plates,  h,h,  approach  each  other  and  compress  the  spring.  As  the 
strain  increases  the  resistance  of  the  spring  to  compression  also 
becomes  greater,  and  the  compressing  power  of  the  links  becomes  less, 
so  that  a  condition  of  equilibrium  is  attained. 

Cage  Guides  or  Conductors. —  Wood  Guides. — The  cage  is  directed 
in  the  shaft  by  guides,  which  may  be  made  by  either,  (a)  wood,  (b) 
iron  or  steel,  (c)  wire  rope  or  circular  rods  of  iron.     Wood  guides  are 
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usually  made  of  pitch  pine,  the  size  depending  on  the  load  raised. 
For  cages  holding  one  tub  the  guides  would  be  4  in.  x  3  in.  or  4  in. 
X  4  in.,  and  for  double  cages  with  two  tubs,  5  in.  x  4  in.  or  5  in. 
X  5  in.  The  guides  are  cut  into  lengths  of  12  to  30  ft.,  18  and  24 
ft.  being  lengths  commonly  used.  They  are  fixed  to  the  cross 
buntons  in  the  shaft,  and  joined  together  as  shown  in  figs.  230, 
231,  232.  Fig.  232  shows  a  common  method  of  joining  them  by 
an  ordinary  *  butt '  joint,  with  a  piece  of  wood  4  in.  x  4  in.  to 
stiffen  them,  fixed  at  the  joint  by  means  of  bolts  having  their  heads 


I 


G 


Q 


Fios.  228,  229. — Spring  Coupliug. 

counter-sunk  in  the  face  of  the  guide  so  as  not  to  catch  the  shoe, 
attached  to  the  cage,  in  passing ;  or  very  often  an  iron  plate  about 
^  in.  X  3J  in.  is  used  with  an  ordinary  butt  joint  as  before  (see  fig. 
231).  A  *  scarf  joint  is  also  used  and  an  iron  fixed  as  before,  with 
bolts  having  their  heads  counter-sunk  (see  fig.  230).  Wood  guides 
are  most  suitable  for  rectangular  shafts  in  which  cross  buntons  are 
necessary  for  their  construction  ;  they  are  easily  fixed,  cheap  at  first 
cost  (about  Is.  6i  per  cubic  ft.),  but  on  becoming  worn  require 
frequent  repairs  and  are  very  liable  to  cause  accidents. 

Iron  and  Steel  Guides, — These  guides  are  now  very  largely  used. 
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They  are  made  somewhat  in  the  style  of  an  ordinary  rail  for  surface 
use,  and  weigh  from  40  to  60  lbs.  per  yard.  Great  care  is  required 
in  fixing  these  guides  to  fit  them  to  the  proper  gauge,  and  to  have 
all  joints  even  and  perfectly  vertical,  because  if  they  are  not  well- 
fitted  to  begin  with,  they  give  a  great  deal  of  trouble. 

Fig.  233  shows  the  ordin- 
ary method  of  fixing  them ; 
each  *  chair'  should  carry 
the  weight  of  the  guide 
above  it,  as  they  should  not 
rest  on  one  another,  but  a 
small  space  should  be  left  at 
each  joint  to  allow  for  con- 
traction and  expansion.  The 
space  for  admitting  the  guide 
into  the  chair  is  made  a  little 
smaller  for  the  top  side,  so 
that  a  small  portion  requires 
to  be  taken  out  of  the  guide 
to  admit  it,  the  projecting 
parts  acting  as  a  support 
for  it. 

These  rail  guides  should 
be  made  of  steel,  as  iron, 
having  very  much  less  elas- 
ticity, causes  a  greater  degree  Figs.  230,  231,  232.— Cage  Guides, 
of  vibration  in  the  cage,  which 
is  a  matter  of  great  importance  in  rapid  winding. 

BriarVs  Method  of  Fixing  Guides. — In  this  method  of  fixing  steel 
guides,  which  is  so  common  on  the  continent^  a  single  series  of  H 
girders  9  ft.  10  in.  apart,  divide  the  shaft. 

Eich  guide  is  19*66  ft  long,  which  allows  a  slight  play  between 


Gu'id* 
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Fig,  'IZ'i. — Iron  Guides. 

the  joints.  Previous  to  being  fixed,  the  buntons  are  carefully 
notched  to  receive  the  foot  of  the  rail  to  a  depth  of  0*39  in.  and  to  a 
width  of  4*33  in.  Figs.  234,  235  show  the  method  of  fixing  the 
guides.  Two  steel  glands,  a,  a,  secure  the  rail  c  to  the  buntons,  one 
above  and  another  below,  and  are  made  to  grip  the  guide  firmly  by 
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a  pair  of  bolts  h,  h,  passing  through  them.  To  prevent  any  move- 
ment, or  the  rails  from  getting  twisted  by  the  pressure  of  the  glands, 
a  block  of  cast  iron,  through  which  the  bolts  pass,  is  placed  between 
the  rails,  and  is  furnished  with  a  slight  projection,  which  fits  into  a 
corresponding  groove  in  the  flange  of  the  guide.     This  arrangement 


Figs.  234,  235.— Briart's  Method. 


has  been  found  to  act  very  effectively.     In  passing  through  tubbing, 
the  buntons  are  carried  in  boxes  or  shoes  bolted  to  the  internal 
flanges  of  the  tubbing,   the  girders  being  wedged  in  position  with 
wood  keys. 
Iron  or  steel  guides  are  suitable  for  either  circular  or  rectangular 
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shafts,  and  always  require  buntoDS  for  fixing  them ;  they  are  much 
more  durable  than  wood  guides,  but  more  expensive  at  first  cost  and 
difficult  to  repair.  When  they  get  unevenly  worn  they  can  no  longer 
be  repaired,  and  there  is  also  a  tendency  for  the  circular  head  of  the 
guide  to  get  worn  off  it  the  cage  shoe  grips  it  too  tightly.  If  properly 
fitted  at  first  they  will 
often  last  for  years  with- 
out giving  any  trouble  and 
require  little  repair. 

Bqpe  or  Bod  Guides, — 
These  conductors  are  very 
extensively  used  in  circu- 
lar shafts  where  no  bun- 
tons  are  required  in  their 
construction,  and  there 
can  be  no  doubt  as  to 
their  suitability.  Cold 
drawn  steel  rods  twisted 
together  are  often  used 
mstead  of  the  ordinary 
rope  guides;  they  give 
greatly  increased  strength, 
and  wear  much  better. 
They  are  made  up  of 
seven  to  fifteen  rods,  with 
a  total  circumference  of 
H  ^  ^i  ^'*  *^*  weigh 
from  8J  to  25  lbs.  per 
fathom.  The  size  used 
will  depend  on  the  load 
and  strength  required. 
The  conductors  are 
fastened  to  a  strong  beam 
at  the  pit-head  by  means 
of  five  or  six  glands  to 
keep  them  from  slipping 
(figs.  236-239),  or  they 
may  be  fastened  by  a 
capping  and  strong  eye- 
bolts  fastened  with  a  nut 
and  washer. 

At  the  pit-bottom  they 


Figs.  236,  237,  238,  239.— Rope  Guides. 


are  kept  tight  by  attaching  weights  to  them  (fig.  236).  This  is 
preferable  to  fixing  them  rigidly,  as  it  allows  for  expansion  and 
contraction  which  is  often  of  considerable  amount,  the  weight 
used  being  about  1  ton  for  250  yards  of  conductor,  although  the 
exact  amount  required  can  only  be  ascertained  by  experiment  in 
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each  individual  case.  The  weight  should  not  be  in  the  form  of  a 
single  solid  block,  but  in  the  form  of  segments  or  *  cheese  weights/ 
and  used  in  much  the  same  way  as  weights  are  used  on  a  'dead- 
weight' safety  valve.  Some  prefer  to  fix  the  guides  at  the  pit 
bottom  and  pass  them  over  pulleys  at  the  surface  attaching  weights 
to  the  loose  end. 

The  number  of  conductors  used  will  depend  on  the  load  and  upon 
the  speed  of  winding,  but  in  ordinary  cases  two  guides  are  often 
used  one  on  each  side  of  the  cage,  while  for  heavy  loads  and 
quick  winding  it  is  best  to  have  at  least  four  guides,  one  at  each 
corner  of  the  cage. 

To  prevent  the  cages  from  catching  each  other  in  passing,  two 
unconnected  conductors  should  be  suspended  between  them;  the 
space  between  the  cages  may  then  be  as  little  as  6  in. 

The  advantages  of  using  rope  gmdes  are : — 

(1)  The  first  cost  is  cheap. 

(2)  They  are  easily  fixed  and  require  little  repairs  or  attention, 

except  oiling  regularly. 

(3)  They  last  much  longer  than  wood  or  iron  guides, 

(4)  No  buntons  are  required  for  fixing,  and  they  occupy  but  little 

space  in  the  shaft. 

(5)  They  are  more  flexible  and  contract  and  expand  more  readily 

than  rigid  wooden  or  rail  conductors. 

Cages. — These  are  made  of  different  sizes  according  to  the  output 
required,  the  size  of  shaft  and  that  of  the  tubs  used.  The  material 
employed  in  their  construction  is  either  wrought  iron  or  steel,  the 
bottom  being  often  constructed  of  oak,  but  for  large  cages  it  is  best 
to  dispense  with  wood  altogether,  and  to  make  them  entirely  of  steel 
or  wrought  iron,  as  by  this  means  their  weight  will  be  much  reduced, 
which  is  an  important  point  to  keep  in  view.  A  good  cage  made  of 
steel  throughout  should  not  weigh  more  than  about  two-thirds  the 
weight  of  the  coal  raised,  while  a  wrought  iron  one  should  weigh 
about  three-fourths  of  weight  of  coal  rais^  per  wind. 

A  cage  should  be  so  constructed  as  to  allow  the  greatest  carry- 
ing capacity  with  the  least  possible  weight;  the  form  selected 
should  be  such  that  the  tubs  can  be  readily  placed  in  it  and 
easily  removed,  while  the  whole  construction  should  run  easily  in 
the  shaft. 

Cages  cost  from  £30  to  £35  per  ton  if  made  of  wrought  iron,  and 
from  £40  to  £45  per  ton  if  constructed  of  steel.  Before  cages  are 
used  they  should  have  two  coats  of  good  paint  which  will  help  to 
preserve  them  from  corrosion  in  wet  shafts,  and  particularly  in  pits 
where  the  water  contains  acid.  Figs.  240,  241,  242  show  the 
construction  of  cages  for  holding  a  single  tub,  this  form  shown 
being  frequently  used  in  Scotland,  as  they  are  easily  and  cheaply 
made. 
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Figs.  243,  244  show  a  form  of  single-decked  cage  for  two  tubs 
placed  abreast,  a  type  much  used  in  rectangular  shafts. 

Figs.  245-248  show  two  types  of  double-decked  cages,  in  one  of 
which  the  tubs  are  placed  abreast,  and  in  the  other,  which  is  usually 
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Figs.  240,  241,  242.— Single  Cage. 

more  suitable  in  circular  shafts,  end  to  end.  Cages  with  the  tubs 
placed  abreast  are  generally  more  suitable  for  rectangular  shafts, 
where  the  space  is  narrow  compared  with  its  length.  Figs.  249,  250 
show  the  detailed  construction  of  a  cage  for  drawing  mineral  on  an 
inclined  shaft. 
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Figs.  243,  244.— Single  Decked  Cage  for  Two  Tubs. 


i    V 


Figs.  246,  246.— Double  Decked  Cage  for  Four  Tubs. 
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Cage  Speeds. — The  speed  of  the  cage  in  the  shaft  may  be  anything 
between  15  and  40  ft.  per  second.  The  following  are  average  speeds ; 
— depth,  50  to  100  fms.,  speed,  15  to  20  ft.  per  second;  100  to  150 
fms.,  speed  20  to  25  ft.  per  second;  150  to  200  fms.,  25  to  35  ft.  per 
second ;  and  for  depths  above  200  fms.,  from  35  to  40  ft.  per  second. 

Pit-head  Pulleys, — Pulleys  used  on  pit-head  frames  are  usually 
made  either  of  cast  or  wrought  iron,  or  a  combination  of  both,  the 
rim  and  bosses  being  cast  and  the  spokes  constructed  of  wrought 
iron.     The  shape  of  the  groove  varies  with  the  shape  of  the  rope 
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Figs.  247,  248.  —Double  Deekea  Cage  for  Four  Tubs. 

used.  The  size  of  pulleys  will  also  vary  between  6  and  20  ft,  in 
diameter,  according  to  the  size  of  rope  and  drum  used.  Where  wire 
ropes  are  used  they  should  be  as  large  as  possible  to  avoid  straining 
the  rope  by  too  sharp  a  bend,  a  common  size  being  between  12  to  16 
ft.  in  diameter.  The  diameter  should,  however,  be  in  proportion 
to  that  of  the  rope  used. 

For  a  steel  winding  rope  1  in.  diameter,  a  pulley  not  less  than  10 
ft.  in  diameter  is  required,  and  for  ropes  from  1 J  in.  to  If  in.,  pulleys 
should  be  15  to  20  ft.  in  diameter,  while,  as  a  rule,  they  ought  to  be 
about  the  same  size  as  the  winding  drum. 

Drums. — Winding  drums  are  either  cylindrical,  conical,  or  spiral 
in  shape,  the  first  named  being  the  most  common,  and  being  usually  con- 
structed of  two  cast  iron  cheeks  fitted  or  keyed  on  to  a  wrought  iron 
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shaft,  and  lagged  between  the  two  cheeks  with  strong  wood  deals  for 
the  rope  to  coil  on.  Sometimes  they  are  wholly  constructed  of 
wrought  iron  or  steel.  Conical  drums  should  have  a  spiral  groove 
running  round  them,  from  the  shorter  to  the  longer  diameter,  in  order 
to  keep  the  rope  from  slipping.     A  spiral  groove  should  also  be  used 


Figs.  249,  250.— Cage  for  inclined  Shaft. 

on  an  ordinary  cylindrical  drum  to  prevent  excessive  side  friction 
between  the  coils  of  rope  when  winding,  which  will  increase  its  life 
(see  fig.  251).  Drums  ought  to  be  made  as  light  as  possible  so  as  to 
minimise  the  inertia  at  starting.  Good,  strong,  and  at  the  same  time 
light  drums  are  best  made  of  steel. 

The  size  of  drum  used  will  greatly  depend  on  the  size  of  engine 
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erectei  for  winding  and  upon  the  size  of  the  rope,  but  it  is  a  mistake 
to  use  very  large  drums,  as  large  diameters  decrease  the  efficiency  of 

the  engine.  In  winding,  speed  requires 
to  be  got  up  quickly  each  wind,  and 
with  large  drums  this  will  not  be  so 
easily  attained  as  with  drums  of  smaller 
diameter. 

Brum  Brahes. — It  is  desirable  that 
a  good  reliable  and  efficient  brake 
should  be  attached  to  the  drum  of  all 
powerful,  high-speed  winding  engines. 
The  power  should  be  applied  as  near  to 
the  centre  of  the  drum  as  possible,  and 
a  large  leverage,  from  150  to  1  to  200 


Fio.  261.— Drum. 


Fig.  252.— Drum  with  Block  and  Brake. 


to  1  given.  The  ordinary  block  brake  is  very  efficient  and  is  largely 
used  in  Scotland  (fig. 
252).  In  this  brake 
two  blocks  of  wood, 
generally  elm,  are 
brought  into  contact 
with  an  iron  ring  fixed 
either  on  the  centre  or 
side  of  the  drum,  and 
the  power  applied  by  an 
arrangement  of  levers 
that  can  be  worked 
either  by  hand  or  foot 
by  the  engineman.  The 
type  of  brake  shown  in 
fig.  253  is  much  used 
in  some  districts  of 
England.  It  is  one 
which  is  arranged  under- 
neath the  drum,  and 
there  is    little  friction 


Fig.  253.— Brake  Device. 


when    the    engine    is   at    work,   as    when 
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released  it  immediately  frees  itself  of  all  contact  with  the  "brake 
'ring.' 

This  brake  is  applied  by  a  toggle  joint  arrangement,  and  is 
arranged  so  that  it  can  be  worked  either  by  hand  or  steam  power. 
It  should  be  made  from  well-seasoned  blocks  of  elm  or  oak  wood. 

Another  form  of  brake — known  as  Bums^s  brake — is  one  that  gives 
good  results,  is  very  powerful,  and  has  also  the  advantage  of  being 
simple  in  construction,  is  shown  in  fig.  254.  In  this  brake  a  single 
block  of  wood  is  fixed  to  a  long  lever  and  applied  to  the  bottom  of 
the  drum,  the  leverage  being  in  the  ratio  of  200  to  1.  In  the  block 
holes  are  sometimes  bored  and  tilled  with  sand,  which  renders  the 
brake  much  more  effective. 

Safety  Hooks. — In  no  class  of  work  about  a  colliery  is  there  more 
liability  to  accident  than  in  winding,  and  yet  such  accidents  are 
happily  rare,  no  doubt  owing,  in  a  large  measure,  to  the  careful 
handling  of  the  engines  by  those  in  charge.  When  it  is  considered, 
however,  at  what  speed  they  have  to  be  worked,  and  the  number  of 
times  the  cages  have  to  be  raised  and  lowered  even  in  the  course  of 
one  shift,  it  is  obvious  that  an  accident  due  to  overwinding  may 


Fig.  254. — Burns's  Brake. 

easily  occur  even  with  the  most  careful  engineman,  as  some  portion 
of  the  engine  may  get  beyond  control,  and  prevent  it  from  being 
stopped  at  the  proper  position.  It  is  to  obviate  the  effects  of  over- 
winding that  safety  hooks,  which  have  been  applied  with  much  suc- 
cess, were  invented.  Many  colliery  owners  do  not,  however,  use 
these  hooks  or  other  safety  appliances,  because  they  are  likely  to  get 
out  of  order  and  not  act  when  required,  and  more  confidence  is 
placed  in  having  good  reliable  men  at  the  engines  than  in  any 
mechanical  contrivance.  There  have,  doubtless,  been  cases  where 
safety  hooks  have  not  fulfilled  expectations,  and  where  they  have 
even  broken  when  an  overwind  took  place.  But  this  may  happen 
with  any  piece  of  machinery,  particularly  if  it  is  not  properly  looked 
after  and  kept  in  good  working  order.  If,  on  the  other  hand,  the 
use  of  safety  hooks  renders  men's  lives  safer  in  the  event  of  an  over- 
wind, there  is  no  good  reason  why  they  should  not  be  adopted  at  all 
collieries. 

There  is  a  large  variety  of  safety  hooks  before  the  public,  but  the 
principle  upon  which  they  act  is  practicaUy  the  same  in  all.  In 
some  the  rope  is  simply  released  when  the  cage  is  overwound,  and  in 
othci-s  the  rope  is  released  and  the  cage  held  fast  simultaneously. 
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WalJco^s  Detaching  Hooh — This  is  one  of  the  most  efficient  safety 
hooks  iu  use.  Its  principle  will  be  understood  from  figs.  255,  256. 
The  hook  consists  of  a  pair  of  jaws  (D  D)  working  on  a  centre  pin. 
These  jaws  are  held  together  and  made  to  retain  the  strong  action 
bolt  in  the  rope  shackle  A  by  means  of  the  clamp  K  which  is  kept  in 


Figs.  255,  256. —Walker's  Detaching  Hook. 


position  by  the  copper  pins  I,  and  the  outward  pressure  due  to  the 
weight  of  the  load.  In  the  event  of  an  overwind,  the  jaws  pass 
freely  into  the  ring  C,  which  is  a  fixture,  but  the  flanges  K  of  the 
clamp  H  coming  into  contact  with  the  ring  C,  as  in  fig.  255,  is  held 
stationary  while  the  jaws  are  pulled  through,  with  the  result  that  the 
copper  pins  I  are  sheared  off,  and  the  hook  jaws  F  F  are  forced  open 
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by  their  lower  portions  being  drawn  into  the  clamp,  in  which  position 
they  are  firmly  locked,  as  shown  in  fig.  256 ;  the  rope  then  passes 
over  the  pulley,  and  the  load  remains  suspended. 

This  hook  being  made  without  side  plates  is  not  liable  to  get  fast, 
is  simple  in  construction,  and  can  be  quickly  and  easily  re-connected. 

Wesfs  Hook. — This  hook  is  also  simple  in  arrangement  and  is 
composed  of  the  body  A  (see  fig.  257)  and  two  sliding  catches  B  and 
B',  fitted  with  a  copper  releasing  pin  C  and  a  locking  bolt  D. 


Fig.  257.— West's  Hook. 


When  an  overwind  takes  place,  the  wedge-shaped  portions  of  the 
sides,  B  B',  come  in  contact  with  a  fixed  plate  E,  and  are  forced  into 
the  outer  steel  box  A,  whilst  the  opposite  ends  are  forced  out  as  in 
the  figure,  allowing  the  shackle  and  pin  to  be  liberated  and  held 
suspended  on  the  plate  E. 

King  and  Humhle^s  Hook, — This  hook  consists  of  two  outer  plates, 
a,  a,  and  two  inner  plates,  all  of  which  are  pivoted  upon  a  strong 
centre  pin  h  (see  figs.  258,  259).  The  winding  rope  is  attached  to 
the  top  shackle  c/,  and  the  cage  and  chains  to  the  bottom  shackle  e. 
The  wrought-iron  catch  plate  g,  through  the  centre  of  which  passes 
the  winding  rope,  is  securely  fixed  to  the  head  frame  immediately 
under  the  pulley  wheel. 

In  the  case  of  an  overwind,  the  hook  is  partially  drawn  through 
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the  centre  hole  in  the  catch  plate,  until  the  bottom  jaws  of  the  inner 
plates  of  the  hook  come  in  contact  with  the  underside  of  the  catch- 
plate  when  they  are  pressed  inwju'ds,  shearing  the  copper  pin  r, 
causing,  by  the  same  action,  the  upper  jaws  to  extend,  thus  releasing 
the  rope,  and,  at  the  same  moment,  the  hook  locks  upon  the  catch- 
plate.  The  latter  is  so  constructed  that  there  is  just  sufficient  space 
between  the  lower  jaws  and  the  locking  jaws  for  the  catch-plate  to 
insert  itself,  hence  the  hook  cannot  be  sufficiently  detached  through 
the  catch-plate  to  allow  the  locking  jaws  to  get  on  the  top  side  of 
the  plate.  As  soon  as  the  under  jaws  are  forced  out,  the  hook  is 
therefore  locked  on  the  upper  side  of  the  catch-plate.  King  and 
Humble's  hook  is  also  furnished,  in  case  of  an  overwind,  with  an 
automatic  lowering  arrangement  which  consists  of  an  elongated  slot 
just  above  the  centre  pin.     When  an  overwind  occurs,  the  rop^  is 


Figs.  258,  259.— King  and  Humble's  Hook. 

brought  back  over  the  pulley  to  the  hook,  for  which  a  spare  shackle, 
which  is  passed  through  the  rope  shackle  and  down  over  the  hook 
to  the  lowering  slot,  is  provided.  When  this  occurs  the  rope  is 
slightly  tightened,  which  causes  the  inner  plates  of  the  hook  to  close, 
and  the  hook  with  the  cage  attached  can  now  be  lowered  on  to  the 
pit  keps. 

Safety  Cages. — Safety  hooks,  such  as  those  described  above,  are 
meant  only  to  prevent  accidents  in  cases  of  overwinding,  and  afford 
no  security  against  accidents  resulting  from  the  rope  breaking  while 
the  cage  is  running  in  the  shaft.  To  guard  against  this  contingency 
innumerable  safety  cages  and  appliances  have  been  invented, 
although  few  of  them  have  proved  to  be  of  any  real  value  in  practical 
working. 

On  the  Continent,  as  in  Germany,  the  use  of  safety  cages  is 
enforced  by  law ;  in  Britain,  however,  such  appliances  are  not  com- 
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pulsory,  and  among  colliery  proprietors,  at  least  in  their  present 
form,  find  but  little  favour.  Most  of  them  depend  for  their  action 
on  a  grip  or  spring  which  ordinarily  is  not  in  contact  with  the  guides, 
but  which,  in  the  event  of  the  rope  breaking,  is  released,  and  clutches 
them  in  order  to  prevent  the  cage  from  falling.  While  they  may  be 
of  some  use  where  winding  is  carried  on  at  low  speed,  they  are 
practically  useless  at  most  modern  collieries  where  the  speed  is  often 
very  high.  In  such  cases  they  often  fail  to  act  on  an  emergency, 
or  allow  the  cage  to  fall  back  with  such  velocity,  that  the  guides  are 
greatly  damaged  or  even  broken,  and  the  cage  is  precipitated  to  the 

bottom  of  the  shaft.  If  men 
are  in  it,  the  shock  is  likely  to 
be  so  great  as  to  either  pitch 
them  out  or  dash  them  against 
the  top  of  the  cage. 

Quite  recently  an  accident 
occurred  in  a  mining  district 
in  Germany,  with  one  of  these 
protected  cages,  supplied  with 
safety  grips  and  a  controlling 
lever  worked  from  the  cage 
itself. 

Notwithstanding  these  pre- 
cautions, and  the  fact  that 
everything  was  in  working 
order,  the  appliances  proved 
useless,  and  gave  way,  with  the 
result  that  the  nine  men  in  the 
cage  were  killed. 

The  best  preventive  against 
such  accidents  occurring  is  to 
use  only  the  best  quality  of 
winding  ropes,  to  give  them 
careful  treatment,  and  to  inspect 
them  frequently. 

Adjusting  Screws. — In  ordin- 
ary practice  the  length  of  wind- 
ing ropes  is  adjusted  by  increas- 


FiGS.  260,  261. — Adjusting  Screws  for 
Winding  Hopes. 


ing  or  diminishing  the  spare  coils  on  the  drum  and  by  refixing  them 
or  cutting  a  portion  off  and  recapping.  By  such  methods  it  is, 
however,  very  difficult  to  secure  exact  adjustment  without  much 
labour  and  care.  To  obviate  this,  adjusting  screws  have  been 
applied.     Figs.  260,  261  show  the  construction  of  these  screws. 

They  consist  of  a  strong  steel  rod,  a,  terminating  at  each  end  in 
an  eye.  The  shackle  at  the  lower  end  of  the  rope  is  attached  to  the 
upper  eye.  A  round  block,  ft,  with  a  hole  in  each  end  large  enough 
to  admit  of  the  easy  passage  through  it  of  the  screws,  c,  c,  is  placed 
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in  the  lower  eye.  Screw  c,  2J  or  3  ft.  long,  with  strong  threads  and 
an  eye  at  their  lower  end,  and  provided  with  nuts  c?,  screwed  on  to 
them,  are  passed  through  each  hole  in  the  block,  and  the  nuts,  e,  are 
then  screwed  on  to  them  from  above.  Each  nut,  e,  while  resting  on 
the  block,  supports  its  own  screw.  Two  triangular  plates,  /,  /,  with 
a  hole  at  each  angle,  are  attached,  by  means  of  pins  passing  through 
two  of  their  holes,  to  the  eyes  at  the  lower  ends  of  the  screws,  which 
they  then  enclose  between  them.  The  third  eye  in  each  of  these 
plates  hangs  vertically  below  the  steel  rod  which  supports  the  block. 
A  third  triangular  plate,  f/,  with  three  holes,  one  at  each  angle,  is 
inserted  between  the  two  first,  and  a  pin  is  passed  through  one  of 
these  holes  and  through  the  unoccupied  holes  in  the  two  plates 
above  it.  Two  short  pieces  of  chain  are  attached  to  the  remaining 
holes  in  the  lower  triangular  plate  by  means  of  shackles,  the  cage 
being  attached  to  these  chains.  The  ropes  can  be  adjusted  in  a  very 
short  time,  without  much  labour,  by  means  of  these  screws.* 

Cage  Props  or  Keps. — *Keps'  or  *  Props'  are  required  at  most 
collieries,  as  a  rest  for  the  cage  and  to  keep  it  in  position  during  the 
changing  of  the  tubs.  At  some  collieries  no  keps  at  all  are  used, 
the  engineman  maintaining  the  cage  in  position  by  applying  the 
brake  to  the  winding  drum  until  the  tubs  are  changed,  by  which 
means  the  ropes  are  said  to  last  longer.  It  is  also  claimed  that  there 
is  less  liability  to  accident,  owing  to  the  absence  of  *keps,'  which 
require  to  be  opened  and  shut  every  time  the  cage  comes  to  the 
surface.  Unless  the  cage,  however,  is  brought  to  a  dead  level  with 
the  plates  on  the  pit  head,  the  rope  undergoes  a  good  deal  of  jerking 
during  the  operation  of  changing  tubs.  The  ordinary  form  of  *  keps ' 
usually  consists  of  four  legs  pivoted  at  right  angles  to  each  other, 
and  attached  to  a  lever  for  opening  or  shutting  them.  They  are 
generally  allowed  to  swing  out  while  the  cage  is  running  in  the 
shaft,  and  are  automatically  opened  by  the  cage  itself,  when  it  arrives 
at  the  surface,  but  they  have  to  be  opened  by  hand  when  the  cage  is 
about  to  make  its  descent.  The  commonest  form  of  keps,  made 
wholly  of  iron,  is  shown  in  fig.  262. 

Stauss  Keps, — In  these  keps,  which  are  the  invention  of  a  German 
engineer,  the  cage  is  held  firmly  and  securely  in  position  when  it 
arrives  at  the  landing  stage,  and  is  released  again  for  descent  into 
the  shaft,  without  the  necessity  of  lifting  a  foot  or  two,  as  with 
the  ordinary  form  of  keps,  to  allow  of  their  being  first  drawn  back, 
which  often  causes  a  sudden  jerk  or  strain  to  be  given  to  the  slack  rope. 

The  construction  and  working  of  the  keps  will  be  understood  from 
figs.  263-266. 

When  the  cage  is  to  be  held  fixed,  it  rests  upon  the  surface  y  of 

the  catches  or  tappets  c ;  these  catches  resting  upon  the  part  x  and 

against  the  pin  6,  and  being  held  fast  both  in  a  horizontal  and  in  a 

vertical  direction.     The  latter  function  is  discharged  by  the  bell- 

*  Lectures  on  Mining^  by  Prof.  Wm.  Galloway,  p.  7. 
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Fig.  262. — Arrangement  of  Keps, 


Cage. 


Figs.  263,  264. — Stanss  Keps,  shut,  with  Cage  resting. 
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crank,  e,  which  presses  against  the  shaft  d;  whilst  horizontal  move- 
ment is  prevented  by  the  crank  /,  which  presses  against  the  shaft  ly 
through  the  bolt  ^,  of  the  lever  k.  In  this  way  the  steadiness  of  the 
cage  is  secured,  and  displacement  is  prevented.  The  hand  lever  h 
presses  the  lever  /•,  when  in  this  position,  down  against  the  block  ??/, 
which  is  fixed  to  a  casting  a,  so  that  side  play  is  also  prevented. 

When  k  is  brought  in  the  position  shown  in  fig.  266,  and  indicated 
by  dotted  lines  in  fig.  263,  ^  is  brought  to  the  position  i\  and  b  to  b\ 
by  which  cage  means  the  catches  are  withdrawn  from  under  the  cage 
and  are  lowered  at  the  same  time,  so  that  the  latter  can  descend  the 
shaft.  When  the  cage  again  arrives  at  the  pit-mouth,  the  hand 
lever  h  is  pushed  back  into  its  first  position,  the  catch  e  projects,  and 
the  cage  is  secured. 


Figs.  265,  266. — Stauss  Kops,  open. 

The  advantages  claimed  for  these  keps  are  :  simplicity  of  con- 
struction and  working,  and  a  saving  in  ropes  and  engine-power,  the 
short  jerks  which  injure  the  former  in  lifting  the  cage  before  it 
descends  being  done  away  with. 

Hydraulic  keps  are  used  on  the  continent,  but  they  are  apt  to  get 
out  of  order,  and  are  not  reliable  owing  to  their  complicated  nature 
and  to  the  water  freezing  in  the  pipes  in  winter. 

Fig.  267  shows  the  construction  of  these  keps.  Instead  of  four 
rigid  arms  (as  in  ordinary  keps)  there  are  four  short  cylinders,  6,  ft, 
each  provided  with  a  stuffing-box  and  plunger,  c.  Hinged  to  the 
top  of  each  plunger  are  movable  pieces,  r7,  (7,  which  take  the  place 
of  the  rigid  arms  in  ordinary  keps.  The  four  movable  pieces  are 
connected  together  by  means  of  rods,  <?,  e,  and  levers,  /,  /*,  and  move 
inwards  and  outwards  like  the  arms  of  ordinary  keps.  The  cylinders 
are  connected  to  each  other  by  a  pipe,  (/,  common  to  all  four,  which 
also  communicates  with  the  cylinder  of  an  accumulator.  There  is  a 
stop-cock  on  this  pipe  which  can  cut  off  communication  with  the 
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accumulator.  Suppose  the  four  plungers  to  be  in  their  highest 
position,  and  the  stop-cock  shut  as  in  the  figure.  The  loaded 
cage  ascends  the  shaft,  and  reaching  the  surface  puslics  the  four 
movable  pieces,  d,  d,  aside,  passing  up  between  them.  The  latter 
immediately  fall  back,  and  the  cage  is  lowered  on  to  and  arrested 
by  them,  and  the  liquid  in  the  cylinders,  having  no  outlet,  prevents 
the  plungers  from  descending.  When  the  full  tubs  have  been 
replaced  by  empty  ones,  the  stop-cock  is  opened,  allowing  the  liquid 
to  pass  into  the  accumulator  until  the  movable  pieces,  dy  dy  are  clear 
of  the  cage. 

Automatic  Apparatus. — In  the  case  of  an  overwind  much  damage 
is  often  done,  which  cannot  be  prevented  even  by  the  use  of  detaching 
safety  hooks,  the  objects  of  which  are  to  prevent  the  cage  from  falling 
back  in  the  shaft.     Appliances  are  also  used  to  prevent  loss  of  life 


Fig.  267.— Hydraulic  Kep?. 


if  the  cage  happens  to  get  overwound.  In  Germany  every  winding 
engine  requires  to  be  fitted  with  a  steam  brake  which  enables  it  to 
be  brought  to  a  standstill  at  once  when  required,  even  when  going 
at  full  speed. 

To  make  the  brake  self-acting,  a  hydraulic  arrangement  is  some- 
times used  which  the  cage,  when  lifted  too  high,  actuates  itself. 

About  half-way  between  the  winding  drums  and  the  shaft,  a  pump, 
with  reservoir  and  accmnulator,  supplies  pressure  to  a  length  of 
piping  leading  to  the  shaft ;  and  further  to  a  return  length  of  piping 
leading  back  to  the  steam  brakes  on  the  driun.  A  valve  at  the 
shaft  permits  the  pressure  from  the  accumulator  to  be  carried  further 
only  when  it  is  raised  by  a  lever,  which,  in  case  of  accident,  the  cage 
itself  will  actuate. 

The  pressure  thus  communicated  to  the  return  length  of  piping 
acts  on  a  vertical  cylinder  working  on  the  accumulator  principle,  and 
by  a  rod  and  system  of  levers,  may  either  act  on  the  piston  rod  of 
the  steam  brake  direct,  or,  by  actuating  the  slide  valves,  admit  the 
steam  to  the  brake  cylinder  in  the  usual  manner. 
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The  Visor. — This  apparatus  also  has  been  designed  for  the 
purpose  of  preventing  overwinding,  and  has  been  in  use  at  the  pits 
of  the  Wigan  Coal  and  Iron  Co.,  Ltd.,  since  1888.  The  governors 
are  driven  by  suitable  gearing  from  the  crank  shaft  of  the  winding 
engines,  as  is  also  the  worm-wheel  shaft.  The  latter  makes, 
approximately,  one  revolution  per  wind,  and  carries  beaked  cams, 
which  can  be  adjusted  to  the  required  positions.  As  the  speed  of 
the  engines  increases  the  governors  rise,  and  move,  through  the 
medium  of  levers,  and  the  vertical  arms,  with  hooks  attached,  bring- 
ing the  latter  into  the  line  of  revolution  of  the  cams  on  the  worm- 
wheel  shaft.  Towards  the  conclusion  of  the  winding,  if  the  speed  of 
the  engines  is  reduced  suitably,  the  governors  fall  and  bring  the 
levers,  with  hooks  attached,  out  of  the  path  of  the  cams  on  the 
worm-wheel  shaft,  and  into  the  position,  so  that  the  cams  pass 
without  making  contact.  If  through  any  cause  the  speed  of  the 
engines  is  not,  however,  suitably  reduced  as  the  cages  approach  the 
top  and  bottom  of  the  shaft,  the  governors  fail  to  collapse,  and  one 
of  the  beaked  cams  on  the  worm-wheel  shaft  makes  contact  with  one 
of  the  vertical  levers,  the  sliding  frame  is  drawn  up,  the  pawl  raised 
out  of  the  notch  in  the  bar  in  the  bottom  of  the  frame,  and  the 
weight  at  the  other  end  immediately  falling,  upsets  the  propped  and 
weighted  levers,  and  applying  the  steam  and  foot  brakes  shuts  off 
the  steam,  and  thus  arrests  the  engines.  The  apparatus  begins  to 
act  about  two  or  three  revolutions  from  the  top,  giving  time  to  pull 
up  gradually,  but  if  the  speed  of  the  engines  is  maintained  too  long, 
the  visor  comes  into  operation. 

Size  of  Winding  Engine. — The  calculation  of  the  proper  size  and 
strength  of  the  various  parts  of  a  winding  engine  belongs  more 
to  the  province  of  the  mechanical  than  to  that  of  the  mining  engineer. 
Nevertheless  at  most  of  the  examinations  for  colliery  managers' 
certificates,  questions  on  the  sizes  of  winding  engines  are  set,  often 
with  very  insufficient  data  to  work  on,  and  sometimes  with  such  as 
no  mechanical  engineer  would  accept. 

The  proper  size  that  a  winding  engine  should  be,  in  order  to 
accomplish  a  given  amount  of  work,  is  often  decided  in  a  haphazard 
manner. 

The  problem  looks  simple  enough  as  a  question  in  elementary 
mechanics,  but  the  working  out  of  the  details  is  not  quite  so  easy  as 
it  seems. 

The  load  which  an  engine  has  to  overcome  is  of  two  kinds — viz.,  a 
*  dead  load '  at  the  beginning  of  the  wind,  and  a  *  live  load '  when 
the  cage  is  in  motion.  It  requires  more  force  to  move  a  dead  load 
than  to  keep  a  live  load  in  motion. 

The  simplest  method  of  calculation  is  to  take  the  work  done  in 
the  shaft  during  one  revolution  of  the  drum,  at  the  worst  part  of 
the  wind.  This  will  be  at  the  moment  of  the  cage  coming  to  the 
surface,  at   the   moment  when   the  cage  with  the  empty  tubs  has 
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landed   in    the    pit  bottom,   and  before    the   full   cage   has   been 
brought  to  rest  by  the  keps,  so  that  the  engiue  has  the  full  weight 
to  support  without  deriving  any  advantage  from  the  descending  cage. 
To  leave  suflScient  margin  the  load  may  be  taken  as  equivalent  to 
the  combined  weights  of  the  coal  raised,  the  rope,  and  the  empty  tubs. 

The  diameter  of  the  cylinder  may  then  be  calculated  from  the  equation, 
D^  X  '7864  xPxLx2xE  =  Wx  circumference  of  drum, 


"V^ 


W  X  cir.  of  drum 


7864  xPxLx2xE 


When  D= diameter  of  cylinder  in  inches. 

P= effective  steam  pressure  in  lbs.  per  sq.  in. 
L  =  length  of  stroke  in  feet. 

E  =  modulus  or  efficiency  of  engine  (taken  at  ^  for  coupled  engines). 
C  =  circumference  of  drum  in  feet  (diameter  x  3*1416}. 
W=weight  of  load  in  lbs.  ( coal  +  rope  +  tubs). 

Example. 

Calculate  the  size  of  winding  engine  required  to  draw  500  tons  per  shift  of 
8  hours  from  a  depth  of  250  yds.  What  length  of  stroke,  steam  pressure,  and 
size  of  drum  would  be  required  ? 

Tons  per  minute  =  r — ^  =  1  *04. 
o  X  oO 

Suppose  the  speed  of  cage  is,  on  an  average,  20  ft.  per  second. 

Then  duration  of  wind='^^P"' '"  ^"'^=^1^211 =z7i  seconds, 
speed  of  cage        20 

Allow  for  time  to  change  tubs  at  top  and  bottom  (say  1 5  seconds). 

Total  duration  of  wind  =  37  '5  + 1 5  =  52  '5  seconds. 

Calling  this  53  seconds  to  avoid  fractions,  the  load  of  coal  raised  per  wind 

_1 -04x53 

60 

=  •91  ton,  or  18-2  cwts. 

Suppose  that  2  tubs  are  raised  each  wind,  each  tub  holding  10  cwts.  of  coal,  and 

weighing  4  cwts.  when  empty  ;  4x2  =  8  cwts. 

Take  the  weight  of  cage  at  three-fourths  the  weight  of  coal  raised=13*8  cwts., 

Then  coal  +  tubs  +  cage  =  18*2  + 8  + 13*8  =  40  cwts.  or  2  tons. 

Then  to  find  the  circumference  of  rope  as  a  preliminary  to  finding  its  weight — 

^         /\V^M_     /2xl0    ^  ^^  .       ,       «^.    , 
^"=\/—J—\/     3~  =  2-58  ms.  (say  2*6  in.) 

W,  in  this  case,  being  the  total  weight  just  found  (2  tons). 

Weight  of  rope  in  lbs.  per  fathom  =  C^x  •9  =  5*99  (or  6  lbs.  per  fathom). 

.•.  Total  weight  =  6  X  =1^  =  750  lbs. 

Allow  the  effective  steam  pressure  to  be  50  lbs.  per  sq.  in.,  and  the  diameter  of 
drum  to  equal  150  x  diameter  of  rope 

2"6  X  150 
~"  rl0*3,  say  11  ft.  diameter. 


12x3*1416 
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Then,  applying  the  formula  given  above, — 

D*  X  7854  xPxLx2xE=\Vx  circumference  of  drum 
D2x-7854x50xLx2x  ^  ={(18-2x  112)  +  (8  x  112)  +  750}n  x  3'1416 

D2x-7854x50xLx2x*8={2038-4  +  896  +  750}llx3-1416 
D^xLxSOx  •2  =  1842-2x11 
1)2  V  1-1842-2x11 
50  X  -2 
=  2026-42. 

The  length  of  stroke  should  be  2  to  2i  times  the  diameter  of  cylinder. 
Assume  a  stroke  of  4^  ft. 

Tl.enD==20?«;12^450-31; 
4*5 

and  D  =  V450-31=21-2  in.  (or  22  inches). 

From  the  above  calculation,  the  size  of  engine  required  would  be  a  pair  of  coupled 
horizontal  engines  with 

Cylinders  22  ins.  diameter  ; 

Length  of  stroke  4^  ft. ,  working  with  an 

Effective  steam  pressure  of  50  lbs.  per  sq.  in.  ;  and 

Diameter  of  drum  11  ft.  ; 

the  cage  being  taken  at  13*8  cwts.,  and  the  two  tubs  at  4  cwts.  each,  with  a 
circular  steel  rope,  2*6  circumference,  weighing  6  lbs.  per  fathom. 

This  method  of  calculation  is  not,  of  course,  given  as  theoretically  correct,  but 
it  will  give  an  approximately  correct  answer  to  the  question. 

Professor  Merivale  gives  the  following  formula  for  calculating  the  size  of 
cylinder  when  the  engine  is  counter-balanced  : — 


,_<-!) 


'=-      LP 

Where  L  =  twice  the  length  of  stroke  in  feet. 
C  =  circumference  of  dnim  in  feet. 
■V\'= weight  of  coal  per  wind  in  lbs. 
A  =  area  in  sq.  ins.  of  two  cylinders  ;  or  half  the  area  of  cylinder 

if  there  be  but  one. 
P= maximum  pressure  of  steam. 

Taking  this  formula  for  the  above  cape — 

11  X  3-1416  xf  2038-4  +  ?^?^^     „    ^     _,^  . 
^_ ^^ 2      /_34-5x  3057-6 

4-5x50x2  225-0 

=  234-41  sq.  ins. 

.  • .  D  =     /  -Ij =  1 7  *3  ins. ,  diameter  of  cylinder. 

\/     -7854 

The  size  of  winding  engine  required  can  also  be  worked  out  in  the  following 
way:— 

Example. — What  diameter  of  cylinder  would  be  required  to  raise  1000  tons  of 
coal  from  a  depth  of  200  fms.  in  eight  hours  ;  the  tubs  5  cwts.  each,  and  carry 
14  cwts.  of  coal,  4  tubs  being  raised  on  each  cage,  the  latter  weighing  40  cwts. 
The  effective  steam  pressure  is  to  be  60  lbs.  per  sq.  in.,  the  stroke  of  engine  5  ft., 
and  the  diameter  of  the  winding  drum  16  feet. 

r^  ,  1000     ,^-       .    ,  ,  125x20     ,,  ^         ^-  , 

Tons  per  hour=  — r— =  125,  winds  per  hour=  — — ,^-  =  44-6,  or  45  for  con- 
'  8  *  4x  14  ' 

veuience.     Time  per  wind  =  — -r^ —  =  80  seconds  :  and  assume  the  time  taken  to 
*  4o 
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change  the  tubs  is  20  seconds,  then  the  actual  time  occupied  in  winding  will  be 
80-20  =  60  seconds,  and  as  the  shaft  is  1200  ft.  deep,  the  average  speed  of  cage 

will  be  -^77- =20  ft.  per  second.     The  maximum  velocity  will  be  about  double 

this,  or  40  ft.  per  second.     The  time  in  which  this  velocity  is  obtained  may  be 
taken  as  ^th  of  the  total  time  of  winding,  or  8  '55  seconds. 

*  The  circumference  of  rope  required 


L 

/           5-8           _       /     5-8 
/4            200          V*4--081 

'            ^           A 

M     1-1x2240     ^> 

J  10     1*1x2240 

Weight  of  rope  per  fathom  =  C^  x  -9 =(4*25)2  ^  .9  =  16*3  lbs.     If  the  head  gear  is 
60  ft.  high,  then  the  total  weight  of  rope  is  210  x  2  x  16*3=6846  lbs. 

Let  W= weight  to  be  set  in  motion  ;  two  cages,  coal,  empty  tubs  on  cage,  two 
winding  ropes  from  pit-head  pulleys  to  pit  bottom. 
V= greatest  velocity  obtained,  uniformly  accelerated  from  rest  —  40  ft   per 

second. 
(7= gravity =32 -2. 

t  =  time  in  seconds  during  which  V  was  obtained =8 '55  seconds. 
L  =  unbalanced  load  on  engine  =  coal. 
P= effective  steam  pressure  in  cylinders =60  lbs.  per  sq.  in. 
N = number  of  cylinders = 2. 
5= space  passed  through  by  crank  pin  in  time  t 
c=§  constant  to  reduce  angular  space  passed  through  by  the  crank  to  distance 

passed  through  by  the  piston  during  time  L 
A  =  area  of  cylinder  in  sq.  in. 
D  =  diameter  of  cylinder  required. 
/=  allowance  for  friction  of  engines,  etc.,  taken  at  20  to  30  per  cent. 

(a)  The  greatest  work  the  winding  engine  has  to  do  is  to  get  the  mass  W  into 
a  certain  velocity,  uniformly  accelerated  from  rest.  This  work  is  diflScult  to 
calculate  properly,  for  to  do  so  the  energy  required  to  set  the  winding  drum  and 
pulleys  in  motion  would  have  to  be  accurately  ascertained.  To  allow  for  this 
energy  to  move  these  parts,  the  mass  W  has  been  taken  to  include  the  weight  of 
the  two  winding  ropes  and  the  two  cages. 

WV 

Resistance  due  to  gravity  and  inertia  =  — -  • 

gt   ^2       2g  ' 

(b)  To  raise  the  unbalanced  load  L,  distance  passed  over  in  time  t 

^Y^  +  L~ 

Work  done  in  ft.  lbs.  =  L  x  -—  .  •.  A=  ^^ — -rz — ^= — 7^ 
2  PxSxNxC 

If   the    load   is  balanced,    L  =  4x  14  x  112  =  6272  lbs.,    and    W  =  24,318    lbs. 

In  time  t  the  drum  will  make  about  25  revolutions,  .*,  S=2*5x  5x3*1416  = 

39*25. 

60x39-25x2x§  '* 

Allowing    20    per    cent,    for    friction,    A  =  535*17  +  107*03  =  642*20    and 

^  =  j^  ^^        =28*4  in.     The  size  of  the  winding  engines  would  therefore  be 

28*4  in.  diameter  with  a  5-ft.  stroke. 

*  See  formula  for  calculating  size  of  winding  ropes,  page  195. 


CHAPTER  X, 


HAULAGE. 


Classification  of  Methods.  --  The  different  modes  of  haulage 
employed  underground  may  be  classified  as  follows  : — (1)  manual 
labour,  (2)  horse  haulage,  (3)  self-acting  inclines,  (4)  mechanical 
haulage  by  stationary  engines  placed  either  at  the  surface  or  under- 
ground, (5)  electrical  or  compressed  air  locomotives. 

Haulage  Boads. — There  is  hardly  anything  of  more  importance 
in  connection  with  an  effective  system  of  underground  haulage  than 
the  laying  down  of  the  road.  A  good  road  when  properly  constructed 
should  last  as  long  as  the  colliery  without  entailing  a  great  deal  of 
repair  or  expense. 

On  the  other  hand,  a  badly  arranged  and  badly  laid  road  will  cause 
continual  trouble  and  anxiety  and  entail  great  expense  for  repairs, 
so  that  it  will  cost  far  more  in  the  long  run  than  a  good  road,  to  lay 
down  which  may,  at  first,  be  a  little  more  expensive. 

Hails. — The  different  rails  in  use  are  of  three  patterns,  the  flat- 
bottomed  made  of  cast  iron  or  steel,  the  *  bridge '  rail  made  either 
of  wrought-iron  or  steel,  and 
circular-head  rails  usually  made 
of  steel. 

Flat-bottomed  rails  made  of 
cast-iron  with  side  flange  were,  at 
one  time,  almost  universally  em- 
ployed, but  the  pattern  of  tub 
wheel  required  with  this  descrip- 
tion of  rail  occasioned  so  much 
friction,  that  it  is  being  almost 
entirely  abandoned  in  favour  of 
the  newer  and  more  efficient 
circular-head  or  T-rail,  except  in  old  collieries  where  there  are 
large  stocks  of  old  rails  which  it  is  desirable  to  use  up.  The 
newer  kind  of  rail  gives  the  minimum  of  friction,  is  easily  laid, 
and,  when  made  of  steel,  lasts  a  long  time.  It  generally  weighs 
from  14  to  20  lbs.  per  yard  according  to  the  size  of  tub  used  and 
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Figs.  268,  269.— Section  of  Rails. 


226  PRACTICAL  COAL-MININa. 

the  weight  of  load.     For  main  haulage  roads,  the  heavier  sections 
should  be  selected. 

Friction  of  Rails. — ^The  force  required  to  overcome  friction  is 
usually  estimated : — 

8  to  1 0  lbs.  per  ton  on  a  surface  railway  (^ir)* 

32  ,,  edge  or  T-rails  underground  (^), 

70  ,,  flat-bottomed  or  tram -plate  rails  underground  (^). 

Method  of  Laying  Beads. — Where  a  large  amount  of  coal  has  to 
be  hauled  over  a  road,  the  rails  ought  to  be  well  laid,  on  some  such 
system  as  on  a  surface  railway,  with  joints  'fish  plated 'and  rails 
well  keyed  and  with  plenty  of  *  chairs.* 

On  the  best  haulage  roads  the  rails  are  sometimes  laid  on  longi- 
tudinal sleepers,  which  are  held  together  by  cross  sleepers,  with  the 
joints  of  the  rails  fish  plated.  The  longitudinal  sleepers  are  often 
ordinary  white  pine  planking  9  ins.  x  3  ins.,  and  the  cross  sleepers 
5  in.  X  1^  in.  Wrought-iron  and  steel  sleepers  are  also  used  in 
place  of  the  ordinary  wooden  sleepers.  Laying  roads  with  iron  or 
steel  sleepers  naturally  costs  a  good  deal  more  than  when  wood  is 
employed,  but  the  greater  durability  and  stability  more  than  com- 
pensate for  the  increase  in  first  cost.  Figs.  270,  271,  272  show  the 
method  of  laying  such  roads,  and  will  require  no  further  explanation. 

Gauge, — The  gauge  of  the  road  will  depend  upon  several  con- 
siderations, such  as  whether  the  wheels  project  beyond  or  are  imder 
the  body  of  the  tub  ;  the  inclination  of  the  seam,  etc.  It  may  vary 
from  between  18  to  36  in.,  24  in.  being  a  common  gauge.  Narrow 
gauges  are  most  suitable  for  flat  seams,  but  where  the  inclination  is 
great  the  gauge  should  be  increased  in  proportion.  The  writer  has 
seen  a  gauge  of  36  in.  employed  where  the  inclination  was  between 
30'  and  45^ 

Tubs. — These  are  variously  called  *  trams,'  *  corves,*  *  hutches,*  or 
*  tubs '  in  the  diflferent  mining  districts.  The  body  is  usually  rect- 
angular in  shape,  but  sometimes  they  are  semi-circular  at  the  bottom 
which  increases  their  capacity  for  a  given  height.  The  design  and 
size  of  tubs  used  will  be  governed  by  the  varying  conditions 
under  which  they  are  required  to  work,  such  as  the  thickness  of 
seam,  height  and  inclination  of  roads,  and  whether  manual  or  other 
kinds  of  haulage  are  most  largely  used.  For  thin  seams  where 
manual  labour  is  used  to  any  considerable  extent  for  haulage  the 
tubs  should  be  made  of  small  capacity  and  weight.  A  tub  to  hold 
10  to  12  cwts.  should  not  weigh  more  than  4  cwts.  if  constructed  of 
wood,  or  5  cwts.  if  of  iron.  The  capacity  varies  greatly  and  may  be 
anything  between  5  and  40  cwts.,  but  an  average  size  is  from  10  to 
15  cwts.  In  the  South  Wales  coalfield  tubs  holding  30  to  40  cwts. 
are  often  used,  while  in  some  of  the  thin  seam  collieries  of  Somerset- 
shire, and  in  Scotland,  tubs  holding  7  to  9  cwts.  of  coal  are  common. 
The  advantage  in  having  large  tubs  is  that  fewer  windings  at  the 
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pit  sliaft  need  be  made  per  diem  for  a  given  out-put,  and  that  their 
capacity  is  large  in  proportion  to  their  weight.  On  the  other  hand, 
they  are  clumsy  to  handle  and,  if  derailed,  are  difficult  to  place  on 
the  rails  again.  On  the  whole  a  tub  of  medium  capacity,  ^.e.,  12  to 
15  cwts.,  is  to  be  preferred,  as  it  can  be  moved  about  easily  and 
lifted  on  to  the  rails  by  one  man  when  necessary. 

Materials  of  Construction. — Tubs  may,  as  has  been  stated,  be  con- 
structed  either  of  wood,    wrought-iron,   or  steel.      Opinions  differ 


Figs.  270,  271,  272.— Method  of  Laying  Rails. 

among  mining  men  as  to  which  of  these  materials  is  best.  For 
light  loads  wood  is  very  commonly  used,  and  it  has  the  advantage  of 
being  cheap  and  light,  while  the  cost  of  maintenance  and  repair  is 
less  than  for  steel,  and  less  skilled,  i.e.,  cheaper  labour  is  required  for 
constructing  and  repairing  wooden,  than  for  iron  or  steel  tubs. 
Again  it  not  infrequently  happens  that  even  in  the  best  regulated 
colHeries  a  train  of  tubs  breaks  away  on  inclined  haulage  roads,  and 
when  such  an  accident  takes  place  the  tubs  will  be  more  or  less 
smashed  and  broken.     If  made  of  wood  they  can  soon  be  repaired, 
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even  although  they  may  be  badly  damaged,  whereas  if  constructed  of 
wrought-iron  or  steel  they  would  be  so  twisted  and  bent  that  the 
work  of  a  skilled  blacksmith  would  be  required  for  their  repair. 

In  thick  seams  lying  at  a  comparatively  small  inclination,  iron  or 
steel  tubs  are  preferable,  especially  if  the  load  is  large  (20  to  40 
cwts.). 

Figs.  273,  274,  275  show  the  construction  of  a  tub  designed  by 
the  author  and  built  of  wood.  The  frame- work  is  made  of  two  *trams' 
of  larch  wood  4|  in.  x  3^  in.,  held  together  by  oak  '  starts '  3 J  in.  x 


--— ^.5St-  —  - 


Wl  l%'/e 


-  -  /.// -• 


Figs.  273,  274,  275.— Details  of  Construction  of  Wooden  Tub. 

IJ  in.  and  further  strengthened  by  two  iron  rods  1  in.  diameter. 
The  body  is  of  larch  cleading  \\  in.  thick,  bound  at  the  sides  and 
ends  with  pieces  of  sheet-iron  angle  \  in.  thick.  It  is  also  bound 
roimd  the  top  with  a  band  of  wrought-iron.  The  capacity  is  9| 
cwts.  when  filled  to  the  level  of  the  sides,  and  about  12  cwts.  when 
heaped  up  above  them.  The  cost  of  such  a  tub  would  be  about 
£2,  15s.  or  £3  complete. 

Figs.  276,  277,  278  show  a  tub  constructed  of  steel  sides  and  ends 
resting  on  a  wood  frame.     The  latter  is  of  larch  held  together  by 
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oak  *  starts  *  4  in.  x  2  in.  The  sides  are  of  steel  |  in.  thick,  and  angle 
iron  2J  in.  x  2 J  in.  x  I  in.  running  round  the  bottom,  and  also  at 
each  corner  in  order  to  bind  the  sides  and  ends  together.  The 
capacity  of  such  a  tub  is  10  cwts.  or  12  to  14  cwts.  when  heaped. 
The  estimated  cost  is  £4,  10s. 

Arrangement  of  Pit-bottom.— The  first  consideration  m  any 
system  of  haulage  is  to  have  the  pit-bottom  laid  out  so  as  to  best 
accommodate  the  tubs  as  they  come  and  go.  Many  pit-bottoms  are 
too  confined,  which  may  be  a  saving  in  fii-st  cost  but  is  never 
satisfactory  in  working.      It  should  be   so  an-anged  that   all  the 


»             Steel  sides  i^  thick         ,  • 
J ! 4-iy/. U 

L^- .  il 


Oak  traSns  4'^" 3'/* 
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^^^m^>'/i 


^^f;*,,A^^^, 


I     •    Si'mel  %^hicU      '^  1 

\t'  '■:.   ;     li  ■' 
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Figs.  27C,  277,  278.— Construction  of  Steel  Tub. 

empty  tubs  can  be  taken  off  the  cages  at  one  side  and  the  full  tubs 
placed  on  at  the  other.  Where  it  can  be  carried  out,  this  is  the 
most  satisfactory  arrangement. 

Figs.  279,  280  show  the  arrangement  of  the  pit-bottom  at  Eamock 
Colliery.  Here  the  coal  is  raised  from  two  levels,  and  these  are  so 
arranged  that  both  decks  of  the  cage  can  be  charged  at  the  same 
time,  without  the  cage  being  moved.  Fig.  279  shows  a  section  of 
the  shaft  which  more  clearly  explains  the  working.  On  the  top 
deck.  Ell  coal  is  caged  while  the  lower  deck  is  reserved  for  coal  from 
the  Main,  and  other  seams.  To  carry  this  out  the  lower  level  had 
to  be  formed  in  the  strata  above  the  Main  seam  and  a  stone  mine 
driven  at  an  inclination  in  order  to  catch  the  coal.  Fig.  280  shows 
the  plan,  which  will  be  readily  understood.  On  both  sides  of  the 
pit-bottom  there  are  double  roads  for  full  tubs  and  a  road  for 
empties.  On  the  side.  A,  which  is  worked  by  main  and  tail  rope, 
the  road  for  the  empties  dips  away  from  the   shaft  for  a  certain 
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distance  at  a  gradient  of  1  in  50  and  then  rises  to  the  level  of  the 
other  road  at  an  inclination  of  1  in  30,  so  that  no  labour  is  entailed 
in  pushing  the  empty  tubs  forward  to  the  desired  position.  The 
two  full  roads  on  each  side  are  constructed  to  hold  about  80  tubs. 
From  the  high  to  the  low  stage  a  by-road  is  formed,  so  that  if 
there  is  not  sufficient  coal  coming  in  to  keep  the  low  deck  going,  a 
train  of  tubs  can  be  run  down  from  the  high  level,  A,  to  the  low 
level,  B.  The  whole  arrangement  works  very  well,  over  1200  tons 
being  often  raised  in  eight  hours,  with  4  tubs  on  each  cage.  Of 
course  this  arrangement  would  not  suit  in  every  case,  but  it  may  be 
taken  as  an  illustration  of  a  well-planned  pit-bottom. 

I 


Fig.  279. 


tummniMmtmaikMki^ta^ 


Main  Coal, 
-Elevation  of  Pit  Bottom. 


Haulage. — Manual  labour. — The  method  of  haulage  by  men  and 
boys  can  only  be  employed  with  advantage  where  the  drawing  roads 
are  of  moderate  length  and  comparatively  level,  and  where  the  tubs 
are  small.  If  the  length  of  road  is  great^  or  the  inclination  high, 
it  is  the  most  expensive  system  that  can  be  adopted,  and  in  any 
case  it  is  always  better,  where  the  height  of  seam  will  allow,  to  bring 
the  tubs  direct  from  the  face  by  means  of  ponies  or  by  some  other 
method  of  traction.  Manual  haulage  shotdd  therefore  be  confined 
to  short  distances  on  level  roads.  In  some  small  collieries  where 
the  seams  are  thin  and  the  roads  flat,  it  is  often  the  only  method 
employed  for  hauling  the  coal  from  the  faces  to  the  pit-bottom. 

Horse  Traction, — Haulage  by  horses  is  employed  more  or  less  in 
nearly  all  collieries,  there  being  sometimes  100  to  150  horses  under- 
ground. If  the  inclination  of  the  roads  is  not  too  great,  it  is  often 
an  economical  and  convenient  form  of  haulage,  especially  if  there  is 
a  slight  inclination  in  favour  of  the  load  towards  the  pit  bottom.  A 
horse   is  capable   of  exerting  a  tractive  force  of  120  lbs.,  when 
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travelling  at  the  rate  of  2  to  3  miles  per  hour,  and  can  keep  thie 
up  for  a  period  of  10  houi-s,  which  enables 
it  to  draw  24,000  lbs.  or  10  tons  for  a 
distance  of  20  miles,  or  200  tons  for  a 
distance  of  1  mile  per  diem.  Two-thirds 
of  this  estimate  is  a  fair  average  of  the 
work  which  a  horse  usually  performs.  The 
mileage  depends  greatly  on  local  circum- 
stances, but  on  moderately  level  roads 
horses  ought  to  travel  15  or  16  miles  per 
day,  and  in  roads  dipping  1  in  20,  8  or  10 
miles  per  day,  if  the  roads  are,  in  each 
case,  in  good  order,  with  long  runs  and  few 
stoppages. 

Horse  Roads.  —  The  most  economical 
form  of  horse  road  is  where  the  work  done, 
in  drawing  in  an  empty  load,  is  equal  to 
the  work  done  in  taking  out  a  full  load ; 
which  for  edge  rails,  should  be  an  inclina- 
tion of  about  1  in  140,  or  \  in.  per  yard, 
in  favour  of  the  full  load. 


and  F 


When  F  =  friction  of  full  load, 

/=  friction  of  empty  load,  and 
G  and  gr= gravity  due  to  full  and  empty 
loads  respectively, 
F-G=/+(?. 

If  I  =  fraction  representing  gradient, 
H= height  of  incline  above  hori- 
zontal, 
L= length  of  incline, 
W  =  weight  of  full  load, 
w=        ,,       empty  load, 

I=-orG  =  ^; 

and  "=-  ^-/ 
L 


WH      .^  WH 


'W-f-w' 


but  as  I  also  =  — .*.!  = 


H 


W  +  w' 


Example. — What  should  be  the  gradient  for  a 
horse  haulage  road,  if  the  load  consists  of  12  tubs, 
each  holding  15  cwts.,  and  weighing  5  cwts.  when 
empty,  allowing  ^^th  for  fiiction  ? 

/12xl5\     /12x5\ 
A     70     ;    V    70    / 


I=: 


(12xl5)  +  (12x5) 
180_60    180-60 

._70 70_      70      _ 

240 


121- 

240" 


180-1-60 
or  1  in  140  (the  gradient  required). 
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Feeding  of  Horses, — This  forms  one  of  the  heaviest  items  in  the 
keep  of  horses  underground,  as  a  fair-sized  horse  will  cost  10s.  to 
12s.  per  week  for  food  and  bedding  alone.  The  aim  is  to  keep 
horses  in  the  best  possible  condition  at  the  minimum  of  cost,  and 
this  can  be  easily  accomplished  if  the  right  feeding  stuffs  are  selected. 
Foi-merly  the  feeding  consisted  chiefly  of  boiled  food,  composed 
largely  of  beans,  barley  and  bran,  along  with  dry  hay.  Now  it  has 
been  pointed  out  by  qualified  authorities,  that  bran  has  little  or  no 
feeding  value  unless  as  a  laxative,  and  that  barley  and  beans  should 
only  be  used  sparingly.  Nearly  all  collieries  now  adopt  dry  feeding, 
or  *  chop '  as  it  is  termed,  for  the  horses,  this  being  found  to  keep 
them  in  harder  and  better  condition  than  soft  or  boiled  food.  The 
latter  however  has  its  place,  as  animals,  like  men,  appreciate  a  change, 
and  this  may  be  given  at  least  once  a  week  with  advantage.  Some 
green  food  during  summer  will  also  be  relished,  and  is  beneficial. 
The  following  *  chop '  is  sometimes  given. 

Cut  hay,    ....         8    cwts. 


Oats, 
Beans, 
Indian  Corn, 
Peas, 


5 
2i 
2i 
2 


Total,    .  .       20    cwts. 

Mr.  J.  B.  Hamilton,  in  a  paper  read  before  the  Mining  Institute  of 
Scotland,  gave  the  following  mixtures  for  a  daily  feed  : — 


No.  1. 

No.  2. 

No.  3. 

Beans  or  peas, 

2  lbs. 

2  lbs. 

...  lbs. 

Maize  (bruised). 

.         6   „ 

4   „ 

4   „ 

Oats, 

4   „ 

3   „ 

3   „ 

Bran, 

...    ,, 

2   „ 

2  „ 

Hay  (cut),    . 

.       12   „ 

12   „ 

12   ., 

Straw  (cut). 

.         2   „ 

2   „ 

2   „ 

26  lbs.  25  lbs.  23  lbs. 

No.  1  is  a  daily  feed  for  a  pony  about  fifteen  hands  high  hardened 
to  its  work ;  No.  2  for  same  size  of  pony  new  to  work ;  and  No.  3  is 
for  a  pony  doing  no  work. 

*  Mr.  Hunting  says  that  the  quantity  of  food  must  be  regulated 
by  the  amount  of  work  required ;  but  about  100  lbs.  of  corn,  crushed 
and  mixed  with  about  56  lbs.  of  chopped  hay,  will  form  an  average 
week's  provender  for  each  horse.  He  considers  that  beans  (or  peas) 
and  hay  with  either  (1)  oats  and  bran,  (2)  barley  and  bran,  (3)  oats 
and  maize,  (4)  maize,  will  form  equally  good  mixtures,  and  that  we 
must  be  guided  in  our  selection  by  current  prices. 

Feeding  is  not,  however,  the  only  thing  to  which  attention  sliould 

be  devoted.     Keeping  horses  in  good  condition  requires  a  plentiful 

supply  of  good  clean  drinking  water,  and  they  must  also  be  properly 

bedded,  and  above  all,  kept  well  cleaned  and  groomed.     It  is  too 

*  Trans.  N.E.I.y  vol.  xxxiii.  p.  61. 
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often  left  to  the  pony  driver  to  attend  to  these  matters,  but  no 
greater  mistake  can  be  made,  especially  if  there  are  sufl&cient  ponies 
to  aflford  work  for  an  ostler,  as  many  pony  drivers  are  mere  boys,  who 
have  no  experience  whatever  as  to  how  a  horse  ought  to  be  cleaned, 
and  the  majority  of  them  are  too  careless  to  pay  much  attention  to 
the  needs  of  the  horse  or  pony  under  their  charge.  Wherever  there 
are  more  than  a  dozen  horses  underground,  it  will,  as  a  rule,  pay 

to  put  them  under  the  ^^^^^^^^^^^^^^^^^^^^^^^m 
charge  of  a  competent 
ostler  or  horse  keeper. 
Horses  should  also  have 
an  opportunity  of  eating 
during  working  hours, 
as  their  work  is  exhaust- 
ing, and  a  horse  cannot 
retain  sufficient  food  to 
maintain  it  for  long 
intervals.  Provision 
should  therefore  be  made 
at  the  byes  or  sidings, 
where  the  horses  stop, 
for  them  to  obtain  food 
while  waiting.  A  visit- 
ing veterinary  surgeon 
should  also  be  appointed, 
where  there  are  a  large 
number  of  horses,  to 
examine  them  periodi- 
cally, and  to  report  upon 
their  condition.  Horses 
underground  ought  to 
be  properly  shod  at 
stated  intervals.  The 
cost  of  shoeing  will  on 
an  average  amount  to 
about  6d.  per  week. 
,  The  total  cost  of  each 
horse  per  week  may  be 
estimated  at  12s.  to  15s.,  including  shoeing,  attendance,  repairs  to 
harness,  feeding,  and  bedding. 

Stables, — The  arrangement  of  the  stables  is  a  very  important 
matter,  and  it  will  pay  to  expend  some  thought  and  care  in  planning 
them.  Many  stables  are  merely  formed  in  the  workings,  without 
any  attempt  at  flooring  or  drainage,  the  result  being  that  the  floor 
gets  worn  into  holes,  making  it  very  uncomfortable  for  the  animals 
to  rest  on. 

Figs.  281,  282   show  the  construction   of   stables   as   sometimes 
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Figs.  281,  282.— Plan  and  Section  of  Stables. 
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adopted.  The  stalls,  which  are  walled  in  on  each  side  with  a  brick- 
wall  14  in.  thick,  are  9  ft.  x  6J  ft.  x  6  ft.  A  gutter  is  formed  down 
the  centre  of  the  lower  half  of  the  stall,  and  connected  with  a  main 
gutter  running  at  right  angles  to  it,  and  in  the  direction  of  the  road- 
way. A  tram  road  is  laid  along  between  the  rows  of  stalls,  for 
convenience  in  cleaning  them,  and  a  passage  is  also  constructed 
along  the  head  of  each  stable  for  the  distribution  of  food.  The 
floor  should  be  well  laid  with  bricks,  laid  sideways,  and  carefully 
cemented  in,  the  floor  having  a  rise  towards  the  head  of  about  2  in. 
in  the  yard.  A  large  watering  trough  should  be  placed  outside  the 
stables  for  the  horses  to  drink,  when  going  to  and  returning  from 
work. 

Self-acting  Inclines. — Self-acting  inclines  may  be  divided  into 
three  different  classes: — (1)  Balance  braes  or  Jig  brows,  where  a 
balance  weight  is  used.  (2)  Self-acting  incline  working  with  two 
tubs  on  the  cut-chain  principle.  (3)  Self-acting  inclines  working  in 
the  ordinary  way  with  trains  of  tubs. 

In  the  great  majority  of  mines,  the  conditions  are  such  that  very 
often  one  or  all  of  the  above  sorts  of  incline  can  be  employed. 
Where  the  inclination  of  the  seam  is  sufficient  to  allow  them  to  run 
freely,  they  form  very  easy  and  economical  means  of  haulage. 

Balance  Brae  or  Jig  Brow, — This  is  the  simplest  form  of  self-act- 
ing incline,  and  is  usually  employed  at  the  faces  for  bringing  out  a 

single  tub  at  a  time,  to  a 
^  siding  or  main  incline.  It 
is  worked  by  a  rope  or 
chain,  more  usually  the 
former,  passing  round  a 
wheel,  18  in.  or  24  in. 
diameter,  fixed  between  two 
iron  jaws  which  terminate 
in  a  screwed  bolt  passed 
through  a  prop  at  the  face, 
and  held  tight  by  a  nut  and 
washer  (fig.  283).  Two  sets 
of  rails  are  provided,  one 
set  having  a  narrow  gauge  i 
for  a  loaded  carriage  or 
bogie  to  run  on,  and  the 
other  set  with  wide  gauge 
for  the  tub  to  run  on. 
The  bogie  is  filled  with 
scrap  iron,  and  is  generally 
so  balanced  that  it  can 
bring  up  the  empty  tub 
wheel.  The  full  tub  on 
up  to    the    face,    and   the 
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Fig.  283. — Jig  Brow  Arrangement. 
(It  is  understood  that  the  floor  line  inclines  about 
10'  to  15' ) 

without  requiring  any   brake    on    the 
descending    draws    the    loaded    bogie 
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bogie  on  descending  brings  np  the  empty  tub.  To  prevent 
the  loaded  carriage  from  running  back,  when  the  full  tub  is  dis- 
connected from  the  rope,  at  the  foot  of  the  incline,  the  rope  is  held 
fast  as  shown  in  fig.  284.  To  the  short  piece  of  chain  attached  to 
the  capping  of  the  rope,  an  auxiliary  piece  is  fixed.  To  a  double 
sleeper  is  fixed  a  bolt  over  which  a  link  of  the  auxiliary  chain  is 
passed,  and  held  in  position  by  a  pin.  This  holds  the  rope  in  position 
until  the  empty  tub  is  attached. 

Jigs  are  best  suited  for  seams  where  the  gradient  is  greater  than 
1  in  6,  and  the  author  has  seen  them  working  satisfactorily  in  roads 
having  an  inclination  of  35"  to  40*,  but  in  such  cases  great  caution 
must  be  exercised,  and  the  roads  should  be  thoroughly  well  laid.  In 
highly  inclined  roads  the  wheel  at  the  face  ought  to  be  provided  with 
a  hand  brake  as  shown  in  the  sketch,  and  the  prop  well  notched  into 
the  roof  and  floor. 

Cut-chain  Incline, — This  is  a  somewhat  different  form  of  self-acting 
incline  to  the  above,  for  instead  of  a  loaded  carriage  being  used,  a 
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Fig.  284. 

regular  double  road  is  required,  and  the  weight  of  the  full  tub  going 
down  brings  the  empty  tub  up  to  the  face.  This  system  is  largely 
used  in  Fifeshire  and  other  districts  of  Scotland,  and  can  be  employed 
either  in  stoop  and  room  or  longwall  working,  if  the  inclination  is 
suflBciently  great.  The  working  of  this  system  will  be  understood 
from  figs.  285-287. 

Method  of  Working  the  Cut  CJiain  Incline. — Suppose  a  tub  requires 
to  be  run  down  from  A,  the  portion  of  the  rope  not  required  is 
detached  and  left  lying  on  the  road  between  the  rails.  The  full  tub 
is  then  attached,  run  down,  and  an  empty  one  brought  to  A^ ;  another 
full  tub  should  be  kept  ready  at  A^  to  be  run  down  and  bring  up  an 
empty  to  A,  so  that  the  rope  can  be  again  connected  and  ready  for  a 
*  cut '  at  any  of  the  other  branches  B  B\  C  C^  D  D^  At  the  parts 
where  the  rope  is  cut,  special  links  are  required  for  disconnecting 
and  reconnecting  the  rope.  These  links  are  shown  in  figs.  288,  289. 
The  thin  part,  a,  of  the  link  in  fig.  289,  is  made  so  that  it  fits  the 
link  in  fig.  288  through  the  opening  b.     When  the  two  links  are 
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thiis  connected,  it  is  impossible  for  them  to  be  separated,  as  no  other 
part  of  the  link  except  the  part  a  can  pass  through  the  opening  b, 

A  large  amount  of  coal  can  be  run  down  these  inclines  when  they 
are  properly  constructed.  They  are  best  suited  for  lengths  of  30  to 
60  fathomsf;  beyond  the  latter  distance  they  are  apt  to  become 
dangerous,  as  no  signalling  apparatus  is  used. 

The  same  system  can  also  be  used  with  a  balance  weight  in  long- 
wall  workings  where  it  is  often  difl&cult  to  keep  the  road  wide  enough 


Fio.  285. — Enlarged  Plan  of  Cut-chain  showing  Main  and  Branch  Roads. 


for  a  double  tram  road.     The  cut-chain  system  can  be  worked  on  any 
inclination  from  10*  up  to  30*  or  35*. 

Self -acting  Incline  with  Trains  of  Tubs. — This  is  the  commonest 
form  of  incline,  and  can  be  used  with  great  advantage  where  the 
gradient  is  suitable.  The  most  usual  arrangement  is  to  have  a  rope 
passing  two  or  three  times  round  a  drum  or  wheel,  to  give  sufficient 
friction,  and  prevent  slip.  This  arrangement  is  fitted  with  a  good 
brake,  and  the  rope  is  attached  to  the  full  train  of  loaded  tubs,  which 
by  their  weight  bring  a  train  of  empties  to  the  top  of  the  incline. 
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The  rope  passes  round  a  wheel  at  the  top,  W,  fig.  287,  and  Has  connections  or 
*  cuts '  at  each  of  the  *  hanging  on '  stages,  A,  B,  C,  D,  at  none  of  which  are 
any  platforms  used,  but  the  road  is  levelled  out  and  two  plates,  P,  P,  figs. 
286,  286,  with  lift  rails,  R,  R,  pass  over  them  to  the  rails  on  the  opposite 
side.     Fig.  287  shows  a  plan  of  how  these  branches  are  arranged. 


Figs.  286,  287. — Cut-chain  Incline. 
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The  best  plan  is  to 
have  a  double  road 
throughout  (fig.  290), 
as  the  incline  will  work 
more  satisfactorily  than 
by  using  two  or  three 
sets  of  rails.  If  the 
roof  is  bad  it  may,  of 
course,   be   difficult    to 


-^.       link. 


Figs.  288,  289. 

make  and  maintain  a 
road  of  sufficient  width 
to  admit  of  a  double 
train  line  throughout. 
Under  such  circum- 
stances two  or  three 
rails  may  be  used  with 
a  pass-by  in  the  centre. 
Fig.  291  shows  the 
arrangement  of  an 
incline  with  three  rails 
and  pass-by. 

If  the  inclination  is 
great  the  best  results 
are  got  by  a  drum 
instead  of  a  wheel,  for 
lowering  the  tubs,  as 
it  can  be  better  kept 
under  control;  on  the 
other  hand,  the  ropes 
are  more  difficult  to 
keep  in  line  with  the 
roads  owing  to  the 
'bowking*  of  the  ropes 


I 


Fig.  290. —Self. 
actlDg  Iijcliue. 


Fig.  291.— IncliDe  with 
Double  Tram  Lines. 
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on  the  drum.  If  the  inclination  is  not  too  great  a  suitable  wheel 
gives  very  good  results,  and  has  the  advantage  of  taking  up  little 
space,  and  the  ropes  can 
be  kept  in  a  straight 
line  with  each  road,  if 
the  wheel  is  fixed  hori- 
zontally. About  3**  is 
the  least  inclination  an 
incline  will  work  at 
easily,  but  the  length 
of  incline  is  a  deter- 
mining factor,  as  the 
longer  the  incline  the 
greater  will  be  the 
weight  of  rope  and  the 
greater  the  friction. 
On  the  other  hand,  the 
shorter  the  length  of 
incline  and  the  heavier 
the  load,  the  better  will 
it  work. 

Self  -  acting  inclines 
are  sometimes  worked 
on  the  endless  rope  or 
chain  principle,  with 
the  tubs  attached  sing- 
ly at  stated  distances 
apart.  Where  the  con- 
ditions are  suitable  this 
plan  yields  very  good 
and  economical  results. 
Figs.  292,  21)3  show  the 
arrangement  of  such  an 
incline  worked  with  an 
endless  chain,  and  fig. 
294  illustrates  the  brake 
wheel  used  on  this  kind 
of  incline,  and  which 
is  somewhat  differently 
arranged  to  an  ordinary 
incline  .wheel,  as  the 
attendant  has  to  handle 
the  brake,  and  also  to 
attach  the  tubs  to  the 
chain.  The  advantages 
claimed  for  this  system 
are  :  small  cost  for  upkeep  of  rolling  stock,  the  slow  speed  causing 
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Figs.  292,  293.--Endless  Chain  Incline. 
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fewer  breakages ;  regularity  of  delivery ;  and  economical  working. 

The  length  makes  little  difference,  and  there  is  little  less  expenditure 

in  making  benches  at  the  top  and 
bottom  of  the  incline. 

To  find  the  gradient  at  which 
a  self-acting  incline  will  work 
the  following  method  can  be 
employed. 

Let  W  =  weight  of  full  train  of  tubs. 
w=       „        empty      „ 
Wi=        ,,        rope  or  chain. 
F= friction  of  full  train. 
/=         „         empty  train. 
/i=         ,,         rope,  rollers,  etc. 
I  =  tangent  of  angle  of  inclina- 
tion. 

Fig.  294.  —Brake  WheeL  The  weight  of  the  full  load  must  be 

able  to  overcome  that  of  the  empty  load 
plus  the  friction  of  both  loads,  and  of  the  rope,  drums,  rollers,  and  accessories ; 
that  is,  (W  X  I)-  F  must  be  greater  than  (W  x  1)+/,  and  {W  -w)l  greater  than 
F  +/.    From  this  reasoning  we  can  establish  the  formula — * 

{W-w-w,)xl  =  {V-^/+/i) 

•  •    •*■  —  iir ' —  • 

W  -w-Wi 

The  angle  of  inclination  thus  obtained  would  be  that  at  which  the  pull  of  the 
full  train  would  exactly  balance  the  resistances  on  the  incline,  so  that  it  would 
require  a  greater  angle  of  inclination  to  enable  the  system  to  work  easily. 

Example. — Find  the  angle  of  inclination  for  a  self-acting  incline  to  act  properly, 
if  the  trains  consist  of  10  tubs,  the  gross  load  of  each  full  tub  being  16  cwts., 
and  each  empty  tub  weighing  5  cwts.  The  weight  of  the  rope  is  to  be  taken  at 
6  lbs.  per  fathom,  the  length  of  the  incline  150  fathoms,  and  the  weight  of  drums 
at  8  cwts.  The  friction  of  the  tubs  may  be  taken  at  ^,  and  that  of  the  rope 
and  drums  at  ^. 

/10xl6xll2\     /10x5xll2\     (8xll2)  +  (150x5) 

rr.^      T_l  70  ;     V         70         ; 20 

(10xl6xll2)-(l0x6xll2)  -(8xll2).f(160x6) 

256  + 80 -f- 82-3 


17,920-5600-1646 

=illl.= J_,  or  1  in  26-6. 
10,674    25-5* 


To  make  the  incline  work  easily,  it  should  be  20  per  cent,  steeper,  or  say  about 
1  in  20. 


*  It  must  be  remembered  that  in  the  above  formula  I  does  not  represent  the 
angle  of  inclination,  but  tbe  tangent  of  tliat  ans^le.  The  former  can  be  found 
from  the  latter  by  consulting  trigonometrical  tables. 
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Carriage  Inclines, — When  the  inclination  exceeds  30'  a  carriage  is 
employed  to  enable  the  tubs  to  assume  a  horizontal  position. 

Fig.  295  shows  the  construction  of  such  a  carriage,  which  may  be 
made  to  hold  two,  four,  or  six  tubs.  These  carriages  are  much  used 
on  the  Continent,  where  the  measures  are  greatly  inclined.  They  are 
also  used  in  England  and  in  the  oil-shale  and  coal-mines  of  the 
Lothians  in  Scotland.  On  the  Continent  such  inclines  are  often 
worked  with  a  balance  weight  with  a  single  road,  so  arranged  that 
the  balance  weight  passes  under  the  carriage  at  the  point  of  meeting. 


Fig.  295. — Carriage  for  Tub  on  Inclines. 

BlocJcs. — At  the  top  of  all  inclines  means  must  be  adopted  to 
prevent  the  loaded  tubs  from  running  prematurely  down  the  incline. 
This  is  usually  accomplished  by  means  of  blocks  or  stops.  A  common 
form  of  stop  used,  is  simply  two  blocks  of  wood  working  on  pivots, 
one  of  which  crosses  the  rail  for  the  tub  wheel  to  rest  against,  and 
abuts  on  the  other  which  is  placed  at  right  angles  to  it. 

*  Staple  *  or  *  Blind  Pits.^ — It  often  happens  that  the  coal  is  lowered 
from  one  seam  to  another  by  means  of  *  blind '  or  *  staple  *  pits 
instead  of  by  an  incline.     These  pits  are  not  so  expejisive  to  make  as 
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an  incline,  and  if  properly  fitted  and  the  depth  is  not  great  a  large 
quantity  of  coal  can  be  lowered  by  their  means.  The  arrangements 
at  the  top  of  these  pits  are  shown  in  figs.  296,  297.  The  pits  are 
usually  fitted  with  two  cages  like  an  ordinary  winding  shaft,  the  cage 
with  the  full  tub  being  able  to  outbalance  and  raise  the  cage  with  the 
empty  tub.  Sometimes  one  cage  only  is  used  along  with  a  balance 
weight,  but  this  is  not  such  a  good  arrangement.     In  working,  these 


Figs.  296,  297.— Staple  Pit. 

pits  ought  to  be  carefully  fenced  to  prevent  tubs  from  being  pushed 
into  them  when  the  cage  is  not  in  position.  Many  accidents  have 
taken  place  through  lack  of  this  precaution. 

Haulage  by  Stationary  Engines : — We  now  come  to  the  different 
systems  of  haulage  by  stationary  engines,  which  play  such  important 
parts  in  the  successful  working  of  modem  collieries.  These  systems 
can  be  divided  into  : — 

(1)  Direct  haulage  or  Dook  rope  haulage. 

(2)  Main  and  tail  rope  haulage. 
(3^  Endless  chain  haulage. 

(4)  Endless  rope  haulage. 

The  workings  of  a  colliery  may  be  so  distributed  that  two  or  more 
of  the  above  systems  of  haulage  can  be  applied  in  dififerent  sections 
or  localities. 

Direct  Rope  Haulage. — When  the  inclination  is  sufficiently  great 
for  the  train  of  tubs  to  run  down  of  their  own  accord,  and  to  over- 
come the  friction  of  the  rope  to  which  they  are  attached,  and  of  tubs, 
drum,  etc.,  a  single  rope  may  be  used  with  advantage.  An  engine 
with  a  single  drum  i«  employed,  the  latter  being  so  arranged  that  it 
can  be  thrown  out  of  gear  and  run  loose  on  the  shaft.  The  engine 
draws  the  full  train  of  tubs  against  the  inclination  to  the  pit-bottom, 
while  the  empty  train  runs  in-bye  and  drags  the  rope  after  it,  the 
drum  being  out  of  gear  and  running  loose  on  the  engine  shaft. 

To  work  this  system  successfully  the  inclination  should  be  not  less 
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than  1  in  26.  For  single  rope  haulage  the  engine  is  best  placed  at 
the  pit-bottom,  as  this  gives  the  engineman  the  advantage  of  having 
everything  in  view,  and  mistakes  are  not  so  apt  to  be  made  by  taking 
the  tubs  too  far  when  the  train  is  approaching  the  bottom.  The 
main  advantage  of  this  system  is  that  it  is  cheap,  so  far  as  first  cost 
is  concerned,  a  single  road  and  one  rope  only  being  required,  while 
any  number  of  branches  can  be  easily  worked  by  the  same  engine. 

Main  and  Tail  Rope  Haulage. — ^When  the  inclination  is  not  suffi- 
cient or  is  irregular,  and  the  empty  train  unable  to  run  in-bye  by  its 
own  weight,  it  becomes  necessary  to  use  another  rope  called  a  *  tail ' 
rope  to  draw  in  the  empty  tubs.  The  tail  rope  is  wound  on  a  drum 
on  the  same  shaft  as  the  main  rope  drum,  and  passes  along  the  side 
or  roof  of  the  roadway,  till  it  reaches  the  far  end  of  the  road,  where 
it  passes  round  a  wheel  placed  either  vertically  or  horizontally  (fig.  298), 


Fig.  298.— Main  and  Tail  Rope  Haulage. 

and  comes  on  to  the  main  roadway,  where  it  is  attached  to  the  end 
of  the  full  train  of  tubs,  the  main  rope  being  attached  to  the  front  of 
the  latter.  The  tail  rope,  therefore,  requires  to  be  twice  the  length 
of  the  road. 

Working  of  System, — Suppose  an  empty  train  of  tubs  to  be  stand- 
ing at  the  pit-bottom  ready  to  be  hauled  in  to  the  workings,  the  drum 
with  main  rope  will  be  thrown  out  of  gear,  and  allowed  to  nm  loose 
on  the  driving  shaft,  while  that  on  which  the  tail  rope  is  wound  will 
be  in  gear.  The  engine  will  haul  the  empty  train  in-bye  with  the 
tail  rope  attached  to  the  front  of  it  and  the  main  rope  attached  to 
the  back.  When  the  loaded  train  has  to  be  hauled  out-bye  these 
conditions  will  be  reversed,  the  tail  rope  drum  will  be  thrown  out  of 
gear  and  the  main  rope  thrown  in  gear,  the  tail  rope  being  now 
attached  to  the  back  of  the  train  and  the  main  rope  to  the  front. 
The  tail  rope  is  usually  a  good  deal  lighter  than  the  main  rope,  as  it 
is  only  required  to  haul  in  the  empty  tubs.  It  will  be  seen  from  the 
above  that  this  system  of  haulage  requires  a  length  of  rope  three 
times  the  length  of  road,  the  tail  rope  requiring  to  be  twice  the 
length  and  the  main  rope  equal  to  it,  so  that  when  both  ropes  are 
connected  to  the  train  of  tubs  it  practically  becomes  an  endless  rope 
D^orking  on  a  single  road. 
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Gw'ding  the  Ropes. — As  only  a  single  road  is  used,  the  tail  rope  is 
guided  either  along  the  side  of  the  road  or  along  the  roof ;  whichever 
method  is  adopted  the  pulleys  ought  to  be  set  so  as  to  run  freely, 
otherwise  there  is  great  wear  and  tear  on  the  ropes.  When  the  tail 
rope  is  guided  overhead,  the  pulleys  are  often  fixed  as  shown  in  figs. 


Figs.  299,  300.— Guides. 

299,  300.  A  pulley  or  roller  is  hung  by  means  of  two  hangers, 
about  6  in.  X  3  in.  x  |  in.  tapering  to  f  in.  diameter  at  the  top  where 
it  is  fixed  to  a  bearer  by  means  of  a  nut  and  washer.  For  guiding  the 
rope  along  the  side  of  the  road  the  arrangement  of  pulley  shown  in 


Figs.  301,  302.— Guides. 


Fig.  303.  — Arrangement  of  Roads. 


fig.  301  is  adopted.  If  there  are  curves  on  the  road  swinging  pulleys 
(fig.  302)  should  be  used,  which  will  enable  the  rope  to  take  the  line 
best  suited  to  it.  Fig.  303  shows  the  general  arrangement  of  road 
with  pulleys  for  main  and  tail  ropes. 


Fig.  301.— Shackle. 

Detaching  the  Rope. — When  the  train  of  tubs  is  near  the  shaft 
the  rope  is  detached,  and  the  hauling  engine  brought  to  a  standstill. 
The  rope  may  be  disconnected  either  by  hand  or  automatically. 
When  this  is  done  by  hand  a  common  shackle  may  be  used  (fig.  304), 


HAULAGS. 


245 


the  connecting  bolt  having  an  eye  for  a  small  pin  to  pass  through  to 
prevent  it  from  working  out. 

More  frequently  an  automatic  'knock  off'  is  used,  as  shown  in  fig. 
305.  Other  *  knock  off'  arrangements  are  illustrated  in  figs.  306, 
307. 

A   somewhat  different  arrangement  for  automatically  detaching 


Fig.  305.— Automatic  Knock  Off  Arrangement. 

the  rope  is  shown  in  figs.  308,  309.  This  apparatus,  which  is  often 
termed  a  *  monkey,'  is  placed  on  the  front  of  the  train  of  tubs,  and 
consists  of  a  crank,  a,  working  on  a  standard,  ft,  which  is  fixed  to  the 
tub  by  a  fork  arrangement,  or  special  clamp  fitted  to  the  tub.  To 
the  end  of  the  crank  is  a  chain,  c,  with  a  pin  at  the  end  for  fixing 
the  rope.     At  the  place  where  it  is  desired  to  detach  the  rope,  a 


Figs.  306,  307.— Other  Knock  Off  Contrivances, 

beam  is  fixed  across  the  road  sufficiently  low  to  strike  the  upright 
lever  of  the  crank,  thus  raising  the  chain  with  the  pin  and  releasing 
the  rope. 

Working  Branch-roads. — Branches  from  the  main  road  are 
worked  by  means  of  separate  ropes,  which  pass  round  a  wheel  at  the 
extreme  end  of  each  branch,  and  extend  to  the  junction  with  th^ 
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main  road.  The  working  and  connecting  of  these  branch  ropes  may 
be  done  in  thiee  different  ways.  In  two  of  these  the  connection  is 
made  when  the  empty  train  is  brought  to  the  junction  of  the  branch- 
road,  while  in  the  third  method  the  connection  is  made  while  the 
empty  train  is  standing  at   the   shaft.     In   the  first  method,  if  an 


Pin 
Figs.  308,  309.— The  •  Monkey  •  Knock  Off. 

empty  train  requires  to  be  taken  into  branch  a  (fig.  310),  the  end,  5, 
of  the  main  line  tail  rope  is  disconnected  from  the  train,  and  the  end, 
h\  of  the  branch  rope  is  attached  in  its  place.  The  main  line  tail 
rope  is  also  cut  at  a,  and  the  other   end  of  the  branch  rope,  a\ 
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Figs.  310,  311.— Working  Branches. 

connected  to  it;  the  tubs  are  then  drawn  into  the  branch-road. 
In  the  second  method  (fig.  311),  the  main  line  tail  rope  is  dis- 
connected at  &,  and  the  end,  a,  of  the  branch  rope  connected  to  the 
tubs ;  the  engine  now  draws  the  rope  forward  a  short  distance, 
and  the  other  end  of  the  rope   is  connected  to  c,  the  train  being 
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then  ready  for  hauling  in.  In  the  third  system  the  ropes  are  so 
arranged  that  when  the  full  train  on  the  main  road  reaches  the 
shaft,  the  two  disconnecting  points,  yy  (fig.  312),  are  just  opposite  the 
branch,  c.  If  a  supply  of  tubs  is  wanted  in  this  branch,  the  rope  is 
*cut'  at  yy^  and  the  ends,  xx^  of  the  branch  rope  are  connected 
instead,  before  the  train  of  tubs  leaves  the  pit-bottom ;  a  run  can 
then  be  made  into  the  branch  without  stoppmg  at  the  junction, 
which  makes  the  work  both  simpler  and  more  expeditious. 

The  main  and  tail  rope  system  of  haulage  is  extensively  used  in 
some  districts,  notably  in  the  North  of  England,  where  at  one  time 
it  was  employed  to  the  exclusion  of  every  other  method.  The  speed 
at  which  the  rope  travels  is  high,  varying  from  six  to  twelve  or  fifteen 
miles  per  hour.     To   ensure  success  with   this   system,  the   roads 


Fig.  312.— Working  Branch, 

should  be  as  straight  as  possible,  and  well  laid  with  heavy  rails. 
Where  there  are  curves  on  the  road,  the  rope  should  be  carefully 
guided  with  bevel  pulleys,  and  *  check '  rails  used  to  keep  the  tubs 
from  becoming  derailed.  A  modification  of  this  system  is  sometimes 
adopted,  in  which  an  endless  rope  is  worked  in  opposite  directions  as 
required,  but  this  method  is  not  at  all  to  be  recommended,  and  should 
only  be  used  imder  exceptional  circumstances. 

The  advantages  of  the  main  and  tail  rope  method  of  haulage  are 
that  only  a  single  road  is  required,  the  first  cost  being  consequently 
less  than  with  endless  rope  haulage  with  double  road;  roads  with 
irregular  inclinations  and  curves  can  be  worked  easily,  although  the 
system  is  best  adapted  for  straight  roads  with  regular  inclinations, 
and  branch-roads  can  be  worked  with  facility.  But  against  these 
advantages  must  be  placed  the  following  disadvantages  in  the  working 
of  the  system  : — 

(1)  The  high  rate  of  speed  at  which  the  rope  travels  causes  fast  wear  of  the 

rope,  and  much  damage  if  the  tubs  get  derailed. 

(2)  The  irregular  delivery  of  tubs  at  tlie  pit-bottom. 

(3)  Larger  engines  are  required  to  perform  a  given  amount  of  work,  and  a 

larger  amount  of  steam  power  required  than  with  endless  rope  haulage. 
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(4)  The  outlay  for  engine  and  ropes  is  greater,  as  the  rope  requires  to  be  three 

times  the  length  of  road. 

(5)  Greater  danger  for  men  and  horses  travelling  on  the  roads,  unless  a 

separate  travelling  way  be  provided. 

The  engines  for  working  the  main  and  tail  rope  should  have  two 
cylinders,  and  be  geared  to  the  required  proportions. 


CentPff  line  of  Clutch  ff«j 
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Figs.  313,  314.— AiTangement  of  Haulage  Engines  for  Main  and  Tail  Rope. 

Figs.  313,  314  show  the  plan  and  elevation  of  a  good  arrangement 
of  engines  for  this  system,  both  drums  being  placed  on  one  driving 
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shaft.     The  engines,  as  in  the  direct  rope  system  (and  for  the  same 

reasons),  are  better  placed  underground. 

Endless  Chain. — This  system  of  haulage  is  in  all  respects  similar 

to  the  endless  rope  system  to  be  described  shortly,  although  the 

speed  is  somewhat  less  and  the  tubs  are  attached  at  closer  intervals. 

It  differs  from  the  main  and  tail  rope  system,  as  a  double  road  is 

required,  and  the  tubs  are  attached  singly  instead  of  being  attached 

in  trains ;  the  speed  is  also  much  lower,  the 

endless  chain  being  driven  at  a  rate  of  one 

and  a  half  to  three  miles  per  hour. 

The  endless  chain  may  be  worked  either  by 

an  engine  and  wheel  above  ground,  which  is 

the    most    common    arrangement,    or   by   an 

engine  and  gearing  placed  underground. 
Chain  Wheel.  —  For  driving   the   chain,  a 

wheel  with  a  broad  rim  to  allow  the  chain  to 

make  two  or  three  laps  on  it  is  often  used. 

Sometimes  a  wheel,  such  as  that  shown  in  fig. 

315,  is  used.      It  has  a  broad  rim,  and   a 

number  of  *  feet '  or  *  studs '  are  screwed  into 

the  face  which  grip  the  chain  and  prevent  it 

from  slipping.     The  feet  are  so  arranged  that 

the  distance  between  them   is  exactly  equal 

to  the  length  of  a  link.     In  Briart's  wheel  for   Fio.  315.— Chain  Wheel. 

endless  chain  a  series  of  Y-shaped  grips  or 

feet  of  steel  are  screwed  into   the  rim,  as  shown  in  fig.  316.     As 

the  links  of  the  chain  stretch  by  wear,  the  feet  can  be  unscrew^ed 

and  fixed  in  a  new  position  to  suit   the  altered   lengths  of  the 

links. 

Sometimes  a  series  of  steel  blocks  are  fitted  into  the  circumference 

of  the  wheel,  and  the  chain  coiled  round  two  or  three  times  to  give 

the  required  grip.  The  blocks  are 
secured  to  the  wheel  by  means  of 
counter-sunk  bolts,  the  part  on  which 
the  chain  works  being  octagonal  in 
shape,  which  serves  to  prevent  the 
chain  from  slipping. 

Lengthening  the  Chain. — It  is  often 
difficult  to  keep  the  chain  tight,  owing 
to  the  continuous  lengthening  due  to 
wear,  and  a   common   practice   is   to 

allow  it  to  stretch  until  it  becomes  necessary  to  remove  a  portion 

to  tighten  it.     It  is,  however,  better  to  use  a  *  tightening '  carriage 

similar  to  that  used  with  the  endless  rope  system. 

Working  Branch-roads. — Branch-roads  off  the  main   line   Qsm  be 

easily  worked  with  endless  chains,  and  this  is  one  of  the  chief^recom- 

mendations  of  the  system.     The  working  of  the  braiichey  will  be 


Fig.  316.— Briart's  Wheel 
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understood  from  fig.  317.  In  this  method  three  separate  chains  are 
used,  one  for  the  branch  and  two  on  the  main  road.  These  chains 
are  worked  by  a  series  of  bevel-geared  pulleys  working  at  right  angles 
to  each  other.  On  the  shaft  to  which  the  horizontal  pulleys  are 
attached,  a  driving  wheel  is  fixed  round  which  the  chain  passes.  The 
whole  of  these  wheels  and  gearing  are  placed  below  the  level  of  the 
roadway  and  boarded  over.  At  a  short  distance  on  either  side  of  the 
branch  the  tubs  are  detached  from,  and  again  attached  to,  the  chain 
by  an  automatic  arrangement  which  is  shown  in  fig.  317.  Travelling 
in  the  out-bve  direction  the  chain  is  gradually  raised  to  near  the  roof  by 


Fig.  317.— Working  Brandies. 

a  large  pulley  working  on  a  shaft  (fig.  317),  a  small  roller  pulley  guides 
the  chains  to  this  larger  pulley,  placed  horizontally.  The  road  for  the 
loaded  tubs  is  given  an  up  gradient  towards  the  shaft,  and  the  empty 
road  has  a  dip  in  the  opposite  direction.  These  gradients  commence 
a  short  distance  on  each  side  of  the  branch.  By  the  rope  rising 
towards  the  roof  and  the  road  dipping  the  chain  is  raised  out  of  the 
gripping  fork  ;  the  tub  being  released  runs  over  the  part  where  gear- 
ing i^  placed,  and  re-connects  itself  to  the  chain  again  automatically. 
ExacWy  the  same  arrangement  is  required  on  the  empty  or  in-going 
chain.\ 

Brano^-roads  may  also  be  worked  by  a  series  of  wheels  fitted  on  to 
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a  driving  shaft  placed  vertically,  the  branch  wheels  being  arranged 
so  as  to  work  with  clutches  to  enable  them  to  be  thrown  in  and  out 
of  gear  as  required.  Tlie  main  driving  wheel  is  keyed  tightly  to  the 
shaft.  This  arrangement  allows  of  a  branch  chain  being  arrested  if 
anything  goes  wrong  or  if  there  are  not  sufficient  tubs  to  keep  it  con- 
stantly moving. 

Working  Curves, — If  a  curve  is  one  of  short  radius,  a  pair  of  large 
wheels  are  placed  at  the  bend  round  which  the  chain  passes  (fig.  318). 
The  tubs  are  detached  automatically  before  coming  to  the  curve  in 
the  manner  already  described  for  working  branch-roads.  When  they 
pass  round  the  bend  they  again  attach  themselves  automatically  to 
the  chain. 

Method  of  attaching  Tubs  to  Chains, — This  is  usually  done  by 
fixing  to  one  end  of  the  tub  an  iron  fork,  into  which  the  chain  drops. 


Fig.  318.— System  of  Working  Curves. 

When  wood  tubs  are  employed,  a  fork  is  used,  being  fixed  by  means 
of  two  nuts  and  bolts.  With  iron  tubs  the  grip  is  a  part  of  the 
tub  itself,  and  requires  no  fixing. 

Sometimes  movable  grips  are  used  to  adjust  the  height  of  the  chains 
according  to  the  quantity  of  coal  loaded  above  the  level  of  the  sides 
of  the  tubs. 

The  chief  advantages  of  the  endless  chain  system  are  the  slow  speed 
at  which  it  travels,  and  the  small  amount  of  wear  and  tear  in  rolling 
stock  entailed,  besides  the  small  cost  of  upkeep  of  roadway.  The 
principal  disadvantage  is  the  heavy  weight  of  chain  to  be  driven 
where  tlie  haulage  is  long. 

This  system  is  better  suited  for  surface  haulage  than  for  under- 
ground working,  many  such  arrangements  being  at  work  for  convey- 
ing coal  or  other  material  long  distances,  as  when  a  colliery  is  so 
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situated  that  it  would  be  impossible  or  inconvenient  to  connect  it 

with  the  railway  by  means  of  a  branch  line. 

Endless  Rope, — This  system,  as  its 
name  signifies,  consists  of  an  endless 
rope  travelling  in  a  double  roadway, 
and  to  which  the  tubs  may  be 
attached  either  singly  at  intervals 
along  the  rope  or  in  trains.  The 
engine  for  driving  the  rope  is  almost 
invariably  placed  on  the  surface,  and 
the  power  either  conveyed  direct  or 
by  a  *band'  rope  reaching  to  the 
pit-bottom  where  it  drives  a  main 
shaft  from  which  the  power  is  derived 
for  other  endless  ropes.  The  general 
arrangement  in  endless  rope  haulage 
(fig.  319)  is  as  follows : — At  the 
mouth  of  the  shaft  are  two  pulleys 
for  carrying  the  rope  from  the  driv- 
ing wheel  into  the  shaft.  At  the 
pit-bottom  are  two  other  pulleys, 
placed  vertically  to  receive  the  ropes, 
and  immediately  below  these  are 
other  two  pulleys,  placed  horizontally 
to  enable  the  rope  to  make  a  right 
angle  with  the  shaft,  and  pass  into 
the  workings  to  the  in-bye  end  where 
it  passes  round  a  loaded  wheel,  c?,  or 
an  ordinary  pulley  placed  horizontally. 
In  another  arrangement  the  loaded 
wheel  or  tightening  carriage  is  placed 
near  the  pit-bottom.  This  is  un- 
doubtedly the  best  position. 

Arrangement  of  Engine.— Yor  end- 
less rope  haulage,  where  a  large 
quantity  of  coal  has  to  be  drawn,  it 
is  best  to  employ  a  double  cylinder 
and  engine  well  geared  down.  With 
a  modem  haulage  plant  for  endless 
rope,  the  two  cylinders  are  placed 
horizontally,  and  the  piston  rods  con- 
nected to  disc  cranks  fitted  on  to  the 
main  driving  shaft.  On  this  shaft 
are  two  smaU  geared  wheels,  working 
into  two  larger  toothed  wheels,  which 

are    keyed    on    to    a    separate    shaft,   on  which   is  also   fixed   the 

driving   pulley   or   pulleys,  the   number  of  which   varies  with  the 
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number  of  ropes  to  be  driven.  These  pulleys  are  now  usually 
arranged  with  clutch  gear  so  that  they  may  be  rapidly  arrested 
without  bringing  the  engine  to  a  standstill.  As  to  whether  the 
power  should  be  conveyed  through  a  band  rope  or  not,  there 
are  differences  of  opinion.  Probably  where  more  than  one  endless 
rope  is  required  to  work  different  sections,  the  band  rope  method 
is  to  be  preferred.  If  four  different  sections  are  worked  by  endless 
rope,  and  each  separate  rope  is  worked  direct  from  the  surface, 
this  would  necessitate  four  double  lengths  of  rope  being  conveyed 
down  the  shaft,  which,  owing  to  the  complications  that  might 
arise  in  the  event  of  any  of  the  ropes  breaking  or  getting  entangled 
with  each  other,  would  be  altogether  undesirable.  On  the  other 
hand,  when  a  band  rope  is  used  only  a  double  length  of  rope  requires 
to  be  led  down  the  shaft.  It  must  not  be  forgotten,  however,  that  as 
the  whole  of  the  power  must  be  conveyed  through  the  band  rope, 
this  would  require  to  be  a  good  deal  heavier,  and  therefore  more 
expensive  than  the  haulage  ropes  worked  from  it,  while  there  would 
also  be  the  increased  expenditure  for  the  clutch  arrangement  at  the 
pit-bottom.  With  the  band  rope  system,  any  number  of  ropes  can 
be  worked,  according  to  the  power  available.  They  are  under  the 
direct  control  of  the  attendants  at  the  shaft  bottom,  who  can  stop 
any  of  them  without  signalling  to  the  surface,  which  is  a  great 
advantage  as  one  section  may  not  have  sufficient  coal  to  keep  the 
endless  rope  constantly  at  work,  and  such  rope  can  therefore  be 
thrown  out  of  gear,  while  the  other  sections  go  on  as  usual. 

For  a  very  deep  shaft  the  cost  of  the  band  rope  becomes,  on  the 
other  hand,  a  serious  item,  although  even  then  it  would  be  less 
expensive  than  taking  all  the  ropes  up  to  the  surface.  Everything 
considered,  the  band  rope  system  of  conveying  the  necessary  power 
is  much  to  be  preferred. 

Driving  Ptdleys. — The  rope  is  usually  actuated  by  a  clip  pulley. 
There  is  a  considerable  number  of  different  types  of  pulley  in  use. 
The  Barraclough  pulley  is  a  well-known  device  for  endless  rope 
hatdage.  Bound  the  periphery  of  the  wheel  and  opposite  to  each 
other  are  fixed  a  number  of  short  taper  clips  fitted  to  receive  two 
sliding  jaws,  a  a  (fig.  320),  upon  which  the  rope  works.  These  jaws 
rest  on  springs,  6,  so  that  when  the  rope  comes  on  to  them,  the 
weight  forces  them  down  on  the  springs,  and  narrows  the  opening 
between  them,  thus  giving  the  necessary  grip  to  the  rope.  At  the 
point  where  the  rope  leaves  the  pulley  the  springs  give  assistance  in 
releasing  it. 

Another  pulley,  much  used  in  Scotland,  is  shown  in  fig.  321.  The 
rim  consists  of  two  segments,  c  and  cZ,  bolted  together.  Between 
these  segments  is  placed  a  layer  of  wood,  e,  on  which  the  rope  works. 
The  opening  on  the  rim  of  the  pulley  being  Y-shaped,  the  rope 
obtains  the  necessary  grip  by  wedging  itself  at  the  bottom  of  the 
opening.     A  pulley  differing  from  either  of  the  above  has  been  used, 
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in  which,  to  give  the  necessary  friction  to  the  rope,  a  spiral  groove  is 
turned  in  the  rim  of  the  wheel  (fig.  322).  The  groove,  however, 
wears  unevenly  and  only  gives  moderately  satisfactory  results. 


0    d/ 
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Figs,  320,  321. — BarraclougVs  Pulley, 


Owing  to  the  low  coefficient  of  friction  between  iron  and  iron,  and 
also  to  the  wear  of  the  rope  in  unlined  pulleys,  it  has  become  custom- 


Fio.  322. — Wheel  with  Spiral  Grooves.       Fig.  323.— Method  of  Gripping  Rope. 

ary  to  pad  them  with  softer  material  than  iron,  to  increase  the  grip- 
ping power  and  so  increase  the  life  of  the  rope.  Segments  of  hard 
wood  are  used,  but  require  frequent  renewal,  and  soon  lose  their 
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gripping  power.  Segments  of  india-rubber  have  been  tried  with  good 
effects  and  last  a  considerable  time.  Possibly  the  best  substance  for 
this  purpose  is  well-seasoned  leather  driven  into  the  rim  of  the  wheel 
in  segments,  a  a  (fig.  323),  and  turned  true.  This  is  said  to  give  a 
good  gripping  surface  that  will  last  from  two  to  three  years.  When 
a  large  amount  of  power  requires  to  be  transmitted,  grooved  pulleys 
and  counter-pulleys  or  lacing  wheels  are  sometimes  used  to  impart 
the  necessary  friction  to  the  rope.  Both  pulleys  have  from  4  to  6 
grooves  in  the  rim,  the  driving  wheel  a  having  one  more  than  the 
guide  or  counter-pulley  &,  which  is  set  immediately  in  line  with  the 
other  (figs.  324,  325). 

Taking  up  Slack  Rope. — No  matter  how  perfect  the  driving  pulley 
on  the  surface  may  be,  some  arrane^ement  for  taking  up  slackness 


Figs.  324,  325.— Grooved  Pulleys. 

will  require  to  be  adopted.  The  usual  plan  is  to  have  the  rope 
passing  round  a  tightening  pulley. 

There  are  various  ways  of  arranging  this  pulley.  Sometimes  it  is 
fixed  as  shown  in  fig.  326,  and  fitted  with  a  long  screw  and  nut, 
which  can  be  adjusted  as  required.  But  this  system  of  tightening  is 
not  at  all  to  be  recommended.  What  is  required  is  some  arrange- 
ment that  will  automatically  adapt  itself  to  the  varying  load  and 
wear  of  the  rope.  To  accomplish  this,  a  wheel  is  usually  mounted  on 
a  tension-carriage  to  which  is  attached,  by  means  of  a  chain  passing 
over  a  pulley,  a  weight  (see  fig.  327),  working  in  a  small  pit  below 
the  level  of  the  road.  Sometimes  the  tension-carriage  is  attached  to 
a  loaded  tub,  working  on  an  inclined  plane.  The  weight  required 
can  easily  be  found  when  the  rope  is  set  to  work.  The  tension  pulley 
is  usually  placed  as  near  the  pit-bottom  as  possible,  although  it  may 
also  be  placed  at  the  further  end  of  the  road.  It  is  however  often 
very  inconvenient  to  have  it  in  the  latter  position. 

Speed  of  Rope. — With  endless  rope  haulage,  the  speed  at  which 
the  rope  travels  may  vary  from  1 J  to  4  or  5  miles  per  hour,  but  the 
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best  results  are  obtained  when  the  rope  is  travelling  at  a  speed  ot 
Trom  2  to  3  miles  per  hour. 

Working  of  System.-^The  system  can  be  applied  either  :  (1)  with 
the  rope  travelling  over  the  tubs;  or 
(2)  with  the  rope  moving  beneath  them. 
The  tubs  are  also  attached  to  the  rope 
in  two  different  ways;  (a)  singly  at 
specified  distances  apart,  by  means  of 
'  clips  '  or  *  jiggers ' ;  {h)  in  sets  or  trains 
by  means  of  a  *  bogie '  and  gripper. 

The  first  method  is  undoubtedly  the 
better  of  the  two,  especially  if  the  road 
does  not  lie  at  too  great  an  angle,  as 
by  this  system  the  supply  of  coal  at 
the  pit-bottom  is  regular,  and  the  load 
on  the  engine  more  evenly  distributed, 
while  no  attendants  are  required  except 
at  each  end  of  the  road  or  at  branches. 

Some,  however,  prefer  the  'bogie 
system,'  as  being  safer,  and  better 
adapted  for  working  a  number  of  branch- 
roads.  It  is  somewhat  more  expensive 
than  the  first  named  method. 

With  either  system  a  double  road  is 
generally  employed,  although  sometimes 
a  single  road  is  used  with  pass-byes  at 
intervals.  When  such  is  the  case,  the 
tubs  are  run  in  trains.  It  is  often 
urged  as  a  defect  of  the  endless  rope 
system,  that  it  requires  a  double  road, 
the  construction  of  which  is  often 
difficult  and  expensive,  especially  where 
there  is  a  bad  roof.  But  a  double  road 
is  not  at  all  essential  for  the  successful 
working  of  an  endless  rope  system  of 
haulage. 

At  the  Palace  Colliery  and  Bent 
Colliery,  Hamilton,  systems  of  endless 
rope  haulage  have  been  successfully  at 
work  for  years,  in  both  cases  arranged 
on  the  single  road  principle.  In  the 
first  the  rope  passes  imder  the  tubs, 
while  in  the  second,  it  is  overhead,  the 
latter  being  probably  the  more  success- 
ful method. 

At  a  short  distance  from   the   shaft  are  set   two  parallel   single 
roads,  from  different  sides  of  the  pit-bottom.      These  two  roads 
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are  carried  for  the  required  distance,  and  are  connected  by  a  cross 
drift  into  which  the  rope  passes  by  means  of  two  wheels.  These  two 
parallel  roads  may  be  as  wide  apart  as  required.  The  empty  rope 
and  empty  tubs  leave  the  pit-bottom  at  one  side,  while  the  full  rope 
and  loaded  tubs  arrive  on  the  opposite  side.  This  system  has  a  great 
advantage  over  that  where  the  empty  and  loaded  tubs  alike  require 
to  be  handled  at  the  same  side  of  the  shaft.  The  rope  can  be  easily 
extended  into  the  workings. 

At  the  Bent  Colliery  much  the  same  system  was  adopted,  but  the 
two  roads,  instead  of  being  driven  parallel,  were  taken  along  a  more 
circuitous  route,  practically  to  follow  the  faces,  which'  enabled  the 
tubs  to  be  brought  on  to  the  rope  with  very  little  secondary  haulage. 
The  empty  tubs  can  be  taken  off,  and  full  tubs  attached  at  any 
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Fig.  327. — Tension  Carriage. 


desired  part  of  the  road,  and  if  the  empty  tub  is  not  required,  or  is 
not  taken  off  the  rope  in  the  workings,  it  will  return  again  to  the 
pit-bottom  on  the  side  opposite  that  from  which  it  left. 

Clips  or  Jiggers. — When  the  tubs  are  attached  singly  to  the  rope, 
a  clip  or  jigger  is  used.  A  great  many  different  sorts  of  clips  are  in 
use  in  different  districts,  each  having  its  own  special  merits. 

A  clip  used  in  Scotland  a  good  deal  for  under-rope  haulage  is  shown 
in  figs.  328, 329.  It  consists  of  a  pair  of  jaws,  a,  a,  which  are  attached  to 
a  large  link,  b  ;  the  latter  being  in  turn  attached  to  the  tubs.  Over 
the  two  jaws,  a,  a,  passes  a  cone  or  thimble,  c,  which,  on  being  driven 
hard  down,  presses  the  two  jaws  together  and  grips  the  rope,  which 
is  caught  in  a  groove  at  the  bottom.  This  clip  is  easily  attached  to 
and  detached  from  the  rope,  and  is  very  simple  in  construction,  but 
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it  is  rather  bad  for  the  rope,  and  is  best  suited  for  comparatively  level 
roads.  To  automatically  detach  the  tubs  from  the  rope,  when  this 
clip  is  used,  the  arrangement  shown  in  figs.  330,  331  is  adopted. 
At  the  in-bye  and  out-bye  ends  of  the  road  a  small  inclined  plane, 
with  an  opening  in  the  centre  for  the  rope  to  travel  in,  is  made  in  the 
centre  of  the  roadway.  This  opening  is  just  sufficient  to  admit  the 
rope  and  the  bottom  of  the  clip,  the  cone  or  thimble  edges  being 
caught  on  the  inclined  plane,  which  rises  until  it  is  sufficiently  high 
to  raise  the  cone,  and  allow  the  jaws  of  the  clip  to  open  and  so  release 
the  rope.     To  prevent  the  latter  from  rising,  two  pulleys  are  fixed 
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Figs.  328,  329.— Clip  or  Jigger  for  Endless  Rope. 

at  each  end  of  the  inclined  plane,  the  rope  passing  over  the  pulley  a, 
and  under  the  pulley  b. 

Another  clip  employed  is  that  known  as  Fisher^s  patent,  which  is  illus- 
trated in  figs.  332,  333.  As  will  be  seen  it  also  consists  of  two  jaws, 
a  and  b,  the  part  a  working  on  a  pin,  h,  at  the  bottom  of  the  clip, 
which  enables  it  to  fold  over  the  rope.  The  two  jaws  are  held  in  posi- 
tion by  a  sliding  thimble,  c,  as  described  above.  The  clip  can  be  auto- 
matically detached  in  a  similar  manner  to  that  described  for  the  first 
clip.  *  A  different  arrangement  of  jigger  and  automatic  detachment 
is  shown  in  ^g,  334.  The  detaching  apparatus  is  rather  more  com- 
plicated than  that  already  described.     It  consists  of  a  horizontal  axle, 

*  Trans.  Inst.  Afin.  Scot,  vol.  ix.  p.  120. 
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Figs.  330,  331. — Automatic  Detaching  ArrangemcDts. 


Figs.  332,  333.— Fisher's  Clips 
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a,  carrying  two  arms,  &,  b\  of  equal  length.  One  of  the  arms,  5^,  has 
a  circular  disc  which  passes  up  through  the  centre  of  a  split  rail,  and 
projects  about  5J  inches  above  it.  The  tub  wheel  on  passing 
depresses  this  arm  5  J  inches  and  at  the  same  time  raises  the  other  arm 
an  equal  distance.  This  other  arm,  b,  carries  a  steep  cone  roller,  c, 
which  is  raised  with  it,  and  thus  raises  the  rope  and  slips  the  cone 
down  clear  of  the  jigger  altogether. 

Other  clips,  such  as  Smallman's,  Hanson's,  and  Humble's,  are  also 
used  for  attaching  the  tubs  for  under-rope  haulage.  With  overhead 
haulage  a  different  sort  of  clip  is  required.  The  simplest  kind  for 
this  purpose  is  that  shown  in  fig.  335.  It  is  placed  either  in  the 
centre  or  side  of  the  tub,  and  on  gripping  the  rope  it  gives  it  a  slight 
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Fig.  334. — Automatic  Detacher. 


Fig.  335.— Rope  Clip. 


twist,  which  gives  it  the  necessary  hold  to  carry  the  tub  along. 
Sometimes  two  of  these  jiggers  are  used,  one  at  the  back  and  one  in 
front  of  the  tub. 

Rutherford  and  Thomson's  clip,  as  shown  in  fig.  336,  is  also  used 
for  overhead  rope  haulage.  This  clip  is  an  application  of  the  principle 
of  the  toggle  joint,  and  its  grip  on  the  rope  is  equally  firm  in  what- 
ever direction  the  load  may  act.  It  is  equally  well  adapted  for  steep 
inclinations  as  for  roadways  of  varying  gradients.  With  this  clip 
curves  and  junctions  can  be  worked  automatically  on  the  gravity 
principle  in  the  same  way  as  in  endless  chain  haulage. 

*  Ward  and  Lloyd's  clip,  as  described  by  Mr  H.  W.  Hughes,  seems 
to  be  very  simple  and  efficient  for  overhead  rope  attachment.  It 
consists  of  a  hinged  lever,  to  the  bottom  of  which  is  attached  tlie 
chain  fastened  to  the  tubs  (figs.  337,  338).  The  lever  works  about 
a  pivot,  a,  and  when  the  weight  comes  on  the  end,  6,  the  rope  is 
gripped  between  the  top  end,  c,  and  the  curved  plate,  d.  The  lever 
is  hinged,  which  allows  the  clip  to  fall  into  the  guide  pulleys  when 
passing  round  curves.     This  grip  is  best  suited  for  roads  having  a 

*  Text  Book  of  Coal  Mining^  p.  219. 
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regular  inclination,  otherwise  two  clips  will  have  to  be  used  for  each 
tub. 


Fig.  336.— Rutherford  and  Thomson*s  Clip.      Figs.  337,  338.— Ward  and  Lloyd's  Clii.. 

Running  the  Tubs  in  Sets. — When  the  tubs  are  attached  to  the 
rope  in  trains  or  sets,  a  bogie  with  a  gripper  or  shears  is  used. 


Fig.  339.— Bogie  Clip. 


Fig.  339  illustrates  a  form  of  bogie  clip  which  is  much  used  for 
this  purpose.     The  gripper  swings  on  a  pivot  which  enables  it  to  pass 
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round  level  pulleys  at  curves,  and  it  is  actuated  by  means  of  a  screw 
and  handle  in  much  the  same  way  as  the  brake  screw  of  a  railway 
van.  On  inclined  roads  these  clip  bogies  are  usually  loaded  with 
scrap  metal  in  front  to  keep  them  from  *  rearing'  and  getting 
derailed. 

Catch  Blocks. — On  inclined  roads  it  is  often  the  custom  to  have 
catch  blocks  or  runaway  catch  points  to  arrest  the  tubs  should  they 
happen  to  become  detached  from  the  rope.  A  simple  form  of  catch 
block  is  shown  in  fig.  340.  It  consists  of  a  piece  of  wood  fixed  on  a 
spindle,  the  latter  not  being  in  the  centre.  When  the  tub  passes 
over  it  the  wheel  axle  depresses  it  to  a  horizontal  position,  but  as  soon 
as  the  tub  is  passed  it  assumes  its  inclined  position  again,  and  will  be 
ready  to  grip  the  tub  should  it  run  back.  Runaway  points  fixed  to 
the  rail  and  having  a  strong  spring  are  used  for  tihe  same  purpose. 
The  tub  on  passing  opens  the  points,  which  close  of  themselves  when 
it  has  passed  through. 

To  get  the  best  results  from  endless  rope  haulage,  the  rope  should 
be  carefully  guided  by  means  of  rollers  to  prevent  it  from  rubbing  on 


Fig.  340.— Catch  Block. 


the  floor,  and  to  keep  the  sleepers  from  getting  cut  through.  These 
rollers  may  be  made  either  of  wood  or  iron,  but  whichever  kind  is 
used  they  should  be  properly  fixed  to  them  to  nm  freely,  a  point 
which  is  very  often  neglected,  giving  rise  to  much  imnecessary  fric- 
tion and  wear  of  the  rope.  Figs.  341,  342  show  the  method  of  fixing 
these  pulleys  on  haulage  roads. 

When  the  rope  requires  to  be  taken  round  curves  it  must  be 
guided  by  means  of  bevel  pulleys,  as  shown  in  figs.  343,  344. 

Endless  Rope  on  Inclined  Roads. — It  has  often  been  urged  that 
endless  rope  haulage  is  only  suitable  for  flat  or  comparatively  flat 
workings;  and  while  no  doubt  the  best  results  are  obtained  under 
such  conditions,  still  the  system  can  be  successfully  worked  at 
inclinations  of  30**  or  more. 

*  At  Moston  Colliery,  Manchester,  there  is  a  good  example  of  this 
system  of  haulage  on  steep  gradients. 

The  road  in  question  is  2900  ft.  long,  the  mclination  varying  from 

♦  Tram.  I,  M.  E.,  vol.  viii.  p.  377. 
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26°  to  39\     The  rope  travels  at  a  speed  of  IJ  mile  per  hour,  and 
runs  beneath  the  tubs,  which  are  attached  to  it  by  means  of  a  stout 
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Figs.  341,  342.— Roller  Pulleys. 


Figs.  343,  344.— Bevel  Pulleys. 

parallel  jaw-clip.     The  jaws  of  this  clip  are  actuated  by  means  of  a 
screw  and  hand-wheel,  and  a  hinged  bar  serves  to  connect  it  with 
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the  draw-bar  of  the  tub.  This  iron  bar  prevents  the  clip  from 
turning  round  and  fastening  itself  under  the  rollers  between  the 
rails,  and  is  also  necessary  in  assisting  the  tub  to  keep  the  rails  while 
being  attached  to  the  rope,  at  the  time  of  leaving  the  level  landings. 

The  clip  used  is  shown  in  figs.  345,  346.  The  jaws  are  made  to  a 
radius  of  3^  feet,  so  that  when  the  screw  is  tightened  the  clip  has  a 
firm  grip  of  the  rope  in  at  least  three  places,  at  each  end  and  in  the 
centre.  Ordinary  clips  were  found  to  be  of  no  use  in  this  case,  and 
hence  the  adoption  of  this  special  type.  The  full  tubs  are  attached 
singly,  and  the  empty  ones  sent  down  in  pairs ;  both  the  attaching 
and  detaching  being  accomplished  at  all  points  without  stopping  or 
interfering  with  the  speed  of  the  rope. 

There  are  several  intermediate  landings  at  which  the  full  tubs  are 
attached  and  the  empty  ones  detached.  Fig.  347  shows  the  method 
of  working  these  landings.  Sufficient  roof  is  taken  down  to  allow 
one  full  or  empty  tub  to  stand  on  the  fixed  landing  A,  B.    There  is  a 


Figs.  345,  346.— Endless  Rope  Clip  used  at  Moston  Colliery. 

movable  hinged  landing  A,  C,  controlled  by  a  balance  weight  in  such 
a  position  that  when  it  is  lowered  the  empty  tubs  will  run  on  to  this 
platform  instead  of  going  further  down  the  incline.  When  the  tubs 
have  arrived  the  clip  is  unfastened,  and  they  are  run  on  to  the  fixed 
landing  A,  B,  the  movable  landing  A,  C  being  immediately  pulled  up 
by  the  balance  weight  into  the  position  shown  in  the  figure  until  it 
is  required  again.  When  a  full  tub  is  about  to  be  clipped  on  to  the 
rope,  the  movable  landing  A,  C  is  lowered,  and  the  tub  brought  on 
to  it,  and  without  stopping  the  rope  it  is  clipped  and  the  tub  started 
up  the  incline.  Two  boys  are  stationed  at  each  of  these  stations  to 
attend  to  the  tubs.  The  distance  between  the  landings  varies  from 
100  to  140  yards.  The  power  to  work  this  and  other  ropes  is 
derived  from  an  engine  at  the  surface,  being  transmitted,  by  means  of 
a  band-rope  working  to  a  central  station  imderground,  the  driving 
engine  being  compound,  with  cylinders  15  and  25  in.  respectively, 
and  having  a   stroke  of  4  ft.     All  the   pulleys   underground  are 
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inclined  (fig.  348)  on  the  rope  surface  to  the  extent  of  1^  in.  in  6  in., 
so  as  to  cause  the  2J  turns  of  the  rope  (which  are  necessary  to  give 
the  required  grip)  to  be  constantly  slipping  in  the  direction  of  the 
lesser  diameter. 

Attached  to  the  pulley  working  the  incline  is  an  ingenious  brake 
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Fig.  347. — Method  of  working  Landings. 

arrangement.  The  brake-rim  of  the  pulley  is  cast  and  faced  with 
steel  segments.  Upon  this  surface  four  steel  slipper-blocks,  a,  a  (fig. 
349),  rest,  attached  to  the  frame  work  by  means  of  toggle  joints,  &,  h, 
each  pivoted  on  to  a  plummer  block,  c,  c. 


a 


-f|l|i|lllll  III     I    'V  \    I  I  I  IITTT 


luniiiiii 


m 


1 

Fig.  348.— Pulley. 

These  slipper-blocks  are  not  set  at  right  angles  to  tlie  brake-rim, 
but  at  such  an  angle  that,  upon  the  wheel  continuing  to  turn  in  the 
proper  direction  (shown  by  the  arrow),  the  blocks  are  pushed  off  the 
rim ;  but  upon  the  incline  rope  being  thrown  out  of  gear,  the  screws 
ft,  h  tend  to  take  a  position  at  right  angles  to  the  brake-rim,  and  in 
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SO  doing  wedge  the  blocks  firmly  against  the  rim,  and  prevent  the 
wheel  from  turning  the  opposite  way.  The  rope  is  thus  prevented 
from  a  backward  movement.  To  farther  increase  the  braking  power 
of  the  slipper-blocks,  they  are  also  attached  to  the  frame  by  light 
spiral  springs.  When  the  pulley  is  thrown  out  of  gear,  its  first 
tendency  is  to  revolve  in  a  contrary  direction,  owing  to,  the  weight 
of  tubs  and  rope  on  the  incline,  but  this  movement  is  immediately 
arrested  by  the  automatic  blocks  coming  into  action. 

The  incline  for  this  haulage  was  laid  with  a  double  road  through- 
out, with  steel  rails  weighing  24  lbs.  per  yard,  and  fish-plate  joints. 


Fig.  349. — Brake  Arrangement. 


The  amount  of  coal  drawn  per  shift  of  nine  hours  was  300  tons, 
which  must  be  considered  excellent  work  on  a  road  of  this 
description. 

Cost  of  Haulage. — The  cost  of  haulage  is  usually  stated  in  pence 
per  ton  per  mile  hauled,  and  will  vary  a  great  deal  under  different 
conditions,  such  as  the  inclination  of  the  road,  the  number  of 
branches  to  be  worked,  and  whether  the  rope  can  be  kept  continually 
at  work  during  the  shift  or  not. 

The  following  may  be  taken  as  average  costs : — 


Is,  6d.    to  3s.   per  ton  per  mile. 
3d.    to  6d.        ,, 


Manual  haulage 

Horse        ,, 

Self-acting  incline  haulage    2d.    to  3d 

Single  rope  haulage               2d.    to  6d.  „            ,, 

Main  and  tail  rope  haulage    l|d.  to  2Jd.  ,,            „ 

Endless  rope  (clip)      „          Id.    to  2d.  ,,            ,, 

(bogie)  „          2d.    to  3d.  „ 

Endless  chain  haulage           ^d.    to  1^.  ,,            ,, 

There  can  be  no  doubt  that,  with  a  well  laid  out  haulage  plant 
and  under  suitable  conditions,  the  endless  rope  system  is  preferable 
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in  most  cases.  Even  in  steep  roads  it  will  compare  favourably  with 
other  systems  of  haulage. 

*  In  two  instances,  with  single  rope  and  endless  rope  systems,  one 
of  the  roads  dipping  1  in  3  and  the  other  1  in  4,  and  each  being 
about  1200  yards  long,  and  yielding  an  output  of  800  tons  per  day, 
the  cost  per  ton  in  the  former  was  5d.  and  in  the  latter  Id.  per  ton. 
The  cost  of  ropes  by  the  endless  system  was  0'37d.  per  ton,  which 
could  not  be  any  lower  in  any  other  system ;  for  although  a  double 
length  of  rope  was  required,  the  difference  in  cost  is  always  com- 
pensated by  the  reduced  wear  and  tear.  There  will  not,  naturally, 
be  the  same  disparity  of  cost  in  all  cases,  but,  as  a  general  rule,  end- 
less K>pe  systems  will  be  foimd  to  be  cheapest. 

Advantages  of  Endless  Rope  Haulage. — While  the  endless  rope 
system  has  the  disadvantage  of  requiring  double  roads,  it  has  many 
advantages  to  compensate  for  this.     Amongst  others  are : — 

(1)  The  small  number  of  attendants  required  for  a  given  daily  output. 

(2)  The  slow  speed,  which  prevents  any  loss  on  the  journey,  reduces  to  a 

minimum  the  risk  of  breakages,  and  thereby  obviates  the  mischief  con- 
sequent on  such  accidents,  such  as  those  which  may  occur  when  a  train 
of  tubs  is  travelling  at  a  high  rate  of  speed  in  the  main  and  tail  rope 
system. 

(3)  The  wear  and  tear  on  machinery,  tubs,  ropes,  etc.,  is  a  great  deal  less  than 

with  other  systems  of  haulage. 

(4)  By  attaching  the  tubs  at  ejiual  distances  apart,  the  weight  of  the  rope  is 

carried  along  with  less  friction  on  the  ground  and  pulleys. 

(5)  A  regular  and  continuous  supply  of  tubs  is  brought  to  the  pit-bottom. 

(6)  In  a  road  with  varying  degrees  of  inclination  the  whole  load  is  distributed 

over  the  whole  length  of  the  rope,  which  is  a  great  advantage.  The 
empty  tubs  going  in-bye  also  assist  the  engine  to  haul  the  mil  tubs 
out-bye. 

(7)  Ropes  last  longer  (on  an  average  three  to  four  years),  while  with  main  and 

tail  rope  the  average  is  probably  not  more  than  one  to  one  and  a  half 
years. 

Haulage  Problems. 

Question. — A  train  of  ten  tubs  is  ascending  an  incline  of  4^  in.  rise 
per  yard,  each  tub  weighing  with  coal  1  ton.  What  power  would  be 
required,  and  what  would  the  strain  on  the  rope  be  1 

3  +  12 
4i  ins.  per  yd.  =— ^- —  =  1  in.  in  8. 
4*5 

Weight  of  train =22400  lbs. 

Friction  taken  at  ^V  of  the  load =??^5?iil  =  320  lbs. 
^  70 

Then -??^52iii  =  2800,  the  force  required  estimated  in  lbs.,  and 
8 

2800  +  320 = 3120  lbs.  =  the  total  strain  on  rope. 
*  Trans.  I.  M.  K,  vol.  x.  p.  497. 
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Question. — Find  the  tension  on  a  haulage  rope  with  a  load  of  20 
tons  on  an  incline  of  1  in  6  : 

Let  W= load  in  lbs.;  H  =  vertical  factor  of  rise,  and  L=horizontal  factor  of 
rise. 

WxH 


Then  tension =- 


L 


Ten8ion=  ^^  ^  ^^^^  ^  ^ =7466*6  lbs.,  due  to  gravity  alone. 
6 

or  allowing  ^  for  friction. 
Totel  ten8ion=  /20  x  2240  x  1  \  +  7466'6:=8l06'6  lbs. 

Question, — What  engine  power,  expressed  in  foot-pounds  per  minute, 
is  required  to  draw  a  load  of  8  tons  up  an  incline  of  1  in  5,  at  a  speed 
of  5  miles  per  hour,  excluding  friction  ? 

Speed  of  rope  =    ^    —       =440  feet  per  minute. 

Load  =8i^2iii  =  3584  lbs. 

5 

Engine  power  required  (load  in  lbs.  x  speed  in  ft  per  minute)  =  3584x440  = 
1,576,960  ft.  lbs.  per  minute. 

Question, — What  size  of  engine,  length  of  stroke,  etc.,  would  be 
required  to  haul  400  tons  per  shift  of  nine  hours,  from  a  road  1000 
yards  long  and  dipping  1  in  121  The  system  of  haulage  to  be  main 
and  tail  rope,  and  the  speed  of  rope  six  miles  per  hour,  the  diameter 
of  the  dnmi  being  6  ft 

Speed  of  rope  per  mmute = ^^^^       =  628  ft 

Time  per  trip  =  ^^^^Jl^^^  =  11  minutes. 

Time  allowance  for  changing  at  each  end  about  4  minutes. 
Total  time  per  trip,  11+4  =  15  minutes. 

Load  per  trip=— — __  =11  tons  (approximately). 

Suppose  the  tubs  hold  10  cwts.  each,  and  to  weigh  4  cwts.  each 
when  empty,  twenty-two  tubs  will  be  required  each  trip,  and  the 
weight  of  the  tubs  will  be  22x4  =  88  cwts.  or  4*4  tons;  therefore 
the  gross  load  per  trip  will  be  11  +  4*4  or  15*4  tons. 

15'4x  1 
The  load  due  to  inclination  = — r^ —  =  1*28  tons. 

/l  "^8  x~8 

The  circumference,  C,  of  the  rope  required  would  be  =\/  — ^ =  1*84  ins. 

^         3 
Weight  of  rope  per  fathom  =  C2x  •9  =  3-06  lbs. 
Tot^  weight  of  rope  =  .500  x  2  x  3  -06  =  3060  lbs. 

Taking  friction  of  load  equal  to  32  lbs.  per  ton,  and  friction  of  rope  equal  to 
jVth  its  weight ;  then 
Friction  of  full  load  =  15-4x  32  =  492*8  lbs. 

3060 
And  friction  of  rope=-2Q-       =153'0  lbs. 
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Total  friction  is  492*8 +  153  =  645 '8  lbs. 

Total  load = full  load  +  rope  +  friction  =  38201  '8  lbs. 

Total  resistance  to  engine  =  ^^ ^'^  ^  ^^^^^^  ^  ^^^^  -f  645  -8  =  3520-4  lbs. 

Now  the  work  done  in  the  engine  is  equal  to  the  work  done  on  the 
plane,  and  can  be  expressed  by  the  formula : 

D'*  X  '7854  X  P  X  L  X  N  x  M  =  load  in  lbs.  x  cir.  of  drum  in  ft. 

Assume  the  effective  steam  pressure  to  be  45  lbs.  per  square  in., 
and  the  modulus  M,  f  for  single  engine  and  4  for  coupled  engines, 
the  length  of  stroke  being  3 J  ft. 

.-.  D^x  7854 x45x 3-5 x2x*         =        3520*4x6 x3-1416 
After  cancelling  D^  x  15  x  3  '5  x  "8    =        3520  -4x4 

orD2x3-5=       ?^!^=1061-3 


.•.D  =  ,^" 


15  X -2 

1061-3     1Q.Q.  , 
3^5^  * 


urn) 


the  size  of  engines  required. 

This  problem  may  also  be  worked  out  by  the  formula: 
D^  X  -7854  xPxLxNxM  =  (Wx^)  +  (friction  x  cir.  of  dnim  in  ft ), 
.  j.^     /{\y  xh)  +  iY.x  cir.  ofdri 
^^'         V        -7854  X  P  X  L  X  N  X  M 

where  as  before 

D= diameter  of  cylinder  in  in, 
L= length  of  stroke  in  ft. 
M= efficiency  of  engine. 
P=eflfective  steam  pressure  in  lbs.  per  sq.  in. 
N=number  of  stroKes  per  revolution  of  the  drum. 
W  =  weight  of  loaded  train  in  lbs. 
F= friction  of  loaded  train  in  lbs.  and  rope. 
A=vertical  height  which  the  train  is  raised  during  one  revolution  of  the  drum. 

As  7.=^  ^^-^/^^^  ^  =  1-57  ft. 
12 

Taking  the  same  figures  as  before,  we  have, 


j)^     7(251x2240  xrSZ^^^^  in. 

V  •7854x45x3-5x2x^  ^ 

Question, — Find  diameter  of  cylinder  required,  length  of  stroke, 
etc.,  to  haul  300  tons  per  eight  hour  shift  from  a  road  dipping  one 
in  twenty,  laid  with  tram  rails.  Length  of  road  600  fms.  Tubs  to 
weigh  4  cwts.  and  hold  10  cwts.  Size  of  driving  wheel  6  ft.  diameter. 
System,  endless  rope  with  a  speed  of  2  miles  per  hour. 

Tons  per  hour=-^   =37*5  :  speed  of  rope  3520  yds.  per  hour. 
8 

Tubs  per  hour=37*5x  2  =  75:  distance  tubs  will  have  to  be  apart  on  rope= 

?^-^  =  46-9  or  47  yds.  (for  simplicity). 
75 
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600  X  2 
No.  of  tubs  on  rope  at  once=  — — —  =  25*55,  approximately  26,  z.e.  26  full  and 

2G  empty. 

Weight  of  loaded  tubs,  =  26  x  14  x  112  =  40768  lbs. 

„        empty    ,,  =  26  x   4x112=11648    „ 

Weight  of  rope,  say  at  4  lbs.  per  fathom =600  x   2  x     4=  4800   ,, 

Total  =  57216  Ib^. 


Suppose  the  total  friction  is  ^th .'.  57216x1^.^^^^,^  j^^^ 

Load  due  to  inclination  =  4^J1^1^  =12768)^^ 2038 '4  lbs. 
inclination.  20 

Total  load  to  be  overcome  by  engine  =  2038-4  + 1907*2 «  3945-6 
lbs.  And  as  before,  work  done  by  engine  =  work  done  on  plane  dur- 
ing one  revolution  of  drum.  Assume  effective  steam  pressure  at  50 
lbs.  per  square  in.,  and  the  number  of  strokes  per  revolution  of  drum 
at  four. 

•  ••  D2 X  -7854 x50xLx4x|  =3945 '6x6x3 '1416 

After  cancelling  D^  x  L  =  ?946  6  xj  ^  ^^^ .^ 

60  X  -4 

Assume  length  of  stroke  3  ft.  .-.  D  =  a/^'-?=14  00  in. 

The  size  of  engines  required  would  be  therefore  14  00  in.  diameter, 
with  a  3  ft.  stroke  geared  two  to  one. 

This  problem  may  also  be  worked  out  by  the  formula 


D=     /(^  X  cir.  of  drum)  +  ( W  -  io)h 
V        •7854xPxLxNxM 

The  letters  having  the  same  value  as  in  preceding  question,  and 
in  this  case  to  =  weight  of  empty  tubs. 

Here  h  =  20  ft.  :  18*84  ft.  :  :  1 
18-84x1 


20 


-  =  •94  ft. 


X) ^ ^{1907-2  X  6  X  3-1416}  +  {67216  -  (11648 +  4800)} '94  =  ^74272-64 ^ ^4 .qq  ^ 
-7854  x50x3x4x^  ^     376-9 


CHAPTER  XI. 

PUMPING. 

In  the  working  of  all  mines  water  is  met  with  in  greater  or  les3 
abundance.  Shallow  mines,  as  a  rule,  are  more  heavily  watered  than 
deep  mines,  owing  to  more  frequent  occurrence  and  greater  width  of 
the  cracks  or  fissures  in  the  overlying  strata  by  which  water  can  reach 
the  workings,  and  also  to  the  absence  therefrom  of  impermeable 
beds.  In  deep  mines,  which  are  seldom  troubled  with  much  water, 
such  firm  impermeable  beds  of  strata  are  always  present  to  some 
extent  in  the  overlying  strata,  and  prevent  the  water  from  entering 
the  workings. 

The  different  methods  of  draining  mines  of  water  are  by  adit 
levels,  tanks  or  chests,  siphons  and  pumps. 

Adit  levels  can  only  be  utilized  under  certain  conditions,  such  as 
when  the  mine  is  situated  on  the  side  of  a  hill,  or  where  the  work- 
ings are  at  a  higher  level  than  some  parts  of  the  surroimding  country. 
These  conditions  rarely  exist  in  connection  with  coal-mining,  unless 
in  the  opening  out  of  virgin  coal-fields  in  hilly  countries.  In  metal- 
liferous mining,  adits  are,  however,  much  used,  many  of  them  being 
of  great  length  and  costing  large  sums  of  money. 

In  the  Freiberg  district  of  Saxony  there  is  an  adit  level  8J  miles 
long,  or,  including  its  branches,  25  miles  in  length,  made  at  a  cost  of 
about  £360,000,  the  length  of  time  occupied  in  this  important  work 
having  been  thirty-three  years.* 

The  Halkyn  adit  in  Flintshire  is  about  four  miles  in  length,  and 
drains  a  large  area  to  a  depth  of  230  yards ;  and  it  is  estimated  that 
this  adit  is  now  discharging  15  million  gallons  per  twenty-four  hours, 
or  a  total  weight  of  66,000  tons,  the  whole  of  this  water  being  a 
natural  flow. 

Tanks  or  Chests. — If  the  quantity  of  water  is  not  great  and  the 
pit  is  deep,  it  would  be  expensive  to  lay  down  a  special  pumping 
plant,  while  the  water  may  be  raised  by  water  tanks  or  chests, 
especially  if  the  winding  engines  are  not  fully  employed  drawing 

*  Ore  and  Stone  Mining^  C.  Le  Neve  Foster,  p.  435. 
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coal.  The  quantity  of  water  dealt  with  in  this  way  should  not 
exceed  30  to  40  gallons  per  minute  throughout  the  twenty-four- 
hours,  and  this  should  be  regarded  as  the  maximum  which  should  not 
be  exceeded. 

Where  there  is  a  considerable  quantity  of  water  to  be  dealt  with, 
raising  it  by  pumi»ing  will  be  found  the  cheapest  method.  In 
drawing  water  in  tanks  great  injury  is  often  done  to  the  winding 
ropes,  through  part  of  the  water  falling  back  the  shaft  and  washing 
the  grease  or  lubricating  oil  off  them,  and  also  by  the  great  strain 
they  have  to  undergo  in  lifting  heavy  tanks  full  of  water.  The  load 
is  often  very  much  heavier  than  the  usual  load  of  coal.  The  dipping 
of  the  tank  into  the  water  causes  *  slack,'  while  the  vibration  of  the 
rope  causes  repeated  bendings  to  occur  just  above  the  *  capping,' 
which  tends  to  injure  the  rope,  and  if  not  carefully  watched  may 
result  in  their  breaking. 

Siphons. — The  siphon  is  not  applicable  in  the  same  way  that  a 
pump  is,  since  by  the  former,  water  must  always  be  delivered  at  a 
lower  level  than  that  of  the  receiving  end  of  the  pipes.  We  may, 
therefore,  define  a  siphon  as  being  an  apparatus  for  conveying  a 
liquid  from  a  higher  to  a  lower  level  over  an  intervening  height. 

In  construction  the  siphon  is  a  simple  piece  of  apparatus,  and 
consists  of  a  U-shaped  pipe,  one  limb  dippmg  into  the  liquid  to  be 
siphoned,  and  the  other,  which  must  be  the  longer  of  the  two,  dis- 
charging it  at  a  lower  level. 

The  principle  of  the  siphon  is  as  follows  : — A  vacuum  being  con- 
tinually formed  by  the  escape  of  water  from  the  longer  limb,  the 
pressure  of  the  atmosphere,  acting  on  the  free  surface  of  the  water 
into  which  the  shorter  limb  dips,  forces  it  up  the  latter,  when,  having 
reached  the  highest  point  of  the  colunm,  it  descends  by  gravity  with 
a  velocity  proportionate  to  the  difference  of  level  between  the  outlet 
and  the  free  surface  of  the  source  of  supply. 

Since  the  action  of  the  siphon  depends  on  the  atmospheric 
pressure  it  is  obvious  the  height  to  which  the  water  can  rise  will 
never  be  greater  than  that  of  the  water  barometer  at  the  time,  which 
at  greatest  is  about  33f  ft.,  no  matter  what  the  amount  of  fall  may 
be  at  the  discharge  end.  In  practice  the  height  to  which  the  water 
will  rise  will  not  be  more  than  26  or  27  ft.,  the  difference  being 
due  to  the  friction  of  the  water  in  the  pipes,  but  it  will  be  better  if 
the  vertical  height  does  not  exceed  20  or  22  feet. 

To  start  the  flow  of  water  in  the  siphon,  the  two  ends  must  be 
closed  by  plugs  or  taps,  water  is  then  poured  in  at  the  highest  point 
until  the  pipes  are  filled,  this  opening  is  then  closed  and  the  receiving 
and  discharge  ends  are  opened.  The  water  in  the  pipe  discharging 
produces  a  vacuum,  thereby  setting  up  a  continuous  flow.  A  better 
and  more  economical  arrangement  is  to  place  a  small  hand-pump  on 
the  siphon  at  the  highest  point  of  the  pipes,  to  pump  the  air  out,  and 
thus  allow  the  water  to  rise. 
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The  air  and  gases  held  in  water  are  liberated  on  moderate  reduc- 
tion in  pressure  with  great  ease  ;  and  as  nearly  all  water  contains 
more  or  less  dissolved  gas,  this  will  be  liberated  in  the  siphon  at  its 
highest  point,  and  may  accumulate  there  until  the  pressure  equals 
that  due  to  the  acceleration  head,  when  the  siphon  will  cease  to  flow. 

In  laying  down  a  siphon  the  greatest  care  should  be  exercised,  so 
that  it  will  have  an  opportunity  of  working  under  the  most  favour- 
able conditions.  The  pipes  should  be  laid  with  an  incline  all  the 
way  to  the  highest  point,  no  pipes  being  laid  level  if  possible.  The 
joints  should  be  thoroughly  air-tight ;  if  the  siphon  has  to  continue 
working  for  any  length  of  time,  the  joints  ought  to  be  run  with  lead, 
as  this  will  be  the  most  satisfactory  and  cheapest  way  in  the  end.  A 
*  tail  clack  *  should  be  put  on  at  the  bottom  of  the  receiving  end  to 
prevent  the  pipes  from  getting  empty  when  the  siphon  stops  run- 
ning. 

Pumps. — By  far  the  best  method,  and  the  one  most  usually 
adopted  for  raising  water  from  mines,  is  by  means  of  pumps.  The 
first  point  of  importance  is  the  capacity  of  the  plant  required.  In 
deciding  this  point  it  will  be  necessary  to  ascertain,  as  nearly  as 
possible,  the  maximum  quantity  of  water  likely  to  be  met  with  both 
in  the  shaft  and  ordinary  workings.  In  sinking  a  shaft  in  a  new 
and  imtried  district  it  is  impossible  to  do  so,  but  in  districts  which 
have  been  well  opened  out  it  can  often  be  done  without  much  difl&- 
culty.  When  the  quantity  of  water  likely  to  be  met  with  has  been 
ascertained,  the  capacity  of  the  pumping  plant  can  th^n  be  deter- 
mined upon.  The  plant  should  be  capable  of  raising  a  larger 
quantity  of  water  than  any  ascertained  maximum,  so  that  a  sudden 
inflow  could  be  dealt  with,  if  necessary,  to  prevent  the  flooding  of 
the  workings. 

The  kind  of  pumps  required,  source  and  means  of  transmitting 
power,  etc.,  will  depend  greatly  on  the  circumstances  under  which 
the  pumps  have  to  work  and  the  quantity  of  water  to  be  dealt  with. 
The  proper  type  and  size  of  plant  to  adopt  can  only  be  decided  upon 
by  a  careful  study  of  all  the  conditions  imder  which  it  is  to  work. 

Pumps  used  for  raising  water  in  mines  are  generally  of  the  recip- 
rocating type  and  may  be  classified  as  :  (1)  Phmger  or  ram  pumps; 
(2)  piston  pumps;  and  (3)  bucket  or  lift  pumps.  Other  kinds  of 
pumps  are  also  employed,  such  as  the  centrifugal  and  Fontigaine 
pumps,  but  these  can  only  be  adopted  for  limited  lifts.  The  power 
employed  is  either  (a)  steam,  (b)  compressed  air,  (c)  water  or 
hydraulic  pressure,  (d)  electricity. 

Ccyndiiions  affecting  the  Working  of  Pumps, — The  working  of  pumps 
is  influenced  by  various  conditions,  such  as :  (1)  The  height  at  which 
they  are  placed  above  sea  level,  i.e.  atmospheric  pressure  conditions. 
(2)  The  temperature  of  the  water.  (3)  The  size  and  length  of 
delivery  and  suction  pipes.     (4)  The  area,  weight,  and  lift  of  valves. 

These  conditions  have  all  to  be  carefully  considered  in  designing 
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or  deciding  upon  the  necessary  pumping  plant  for  a  given  position 
either  on  the  surface  or  underground.  The  chief  requirements  min- 
ing pumps  are  expected  to  fulfil  are  :  (a)  They  should  be  capable  of 
working  for  long  periods  with  little  repair,  packing,  or  adjustment. 
(b)  They  should  be  capable  of  being  operated  under  water  (a  particu- 
larly desirable  feature  in  sinking  pumps).  (c)  They  should  be 
capable  of  passing  sandy  or  dirty  water,  and  sometimes  acid  water, 
without  too  rapid  deterioration  or  corrosion,  (d)  Their  speed  and 
capacity  should  be  easily  adjustable  to  suit  the  varying  inflow  of 
water. 

Pump  Fittings.  Pipes. — The  pipes  used  in  connection  with  pumps 
may  be  made  of  (1)  wood,  (2)  cast-iron,  or  (3)  wrought-iron  or 
steel. 

Wood  pipes  are  seldom  if  ever  used  in  Britain  for  pumping,  but  in 
some  parts  of  the  United  States,  and  where  the  climate  is  extremely 
variable,  they  are  much  used  for  certain  descriptions  of  work,  when 
the  pressures  are  light.  For  pressures  not  exceeding  85  to  90  lbs.  per 
sq.  in.,  or  a  head  of  water  equal  to  about  200  ft.,  they  are  said  to  be 
economical.  The  advantages  claimed  for  them  are  that  they  con- 
tract and  expand  to  only  a  small  extent,  and  are  therefore  well  suited 
for  climatic  changes,  while  they  offer  little  resistance  to  the  flow  of 
water,  and  do  not  decay  readily  if  water  is  kept  constantly  flowing 
through  them.  They  are  built  up  with  staves,  much  like  ordinary 
barrels,  and  are  strongly  boimd  with  wrought-iron  hoops. 

Castriron  pipes  were  formerly  almost  exclusively  used  for  pumping, 
and  are  so  still  to  a  very  large  extent,  but  steel  or  wrought-iron  pipes 
are  now  displacing  them.  The  great  disadvantage  of  cast-iron  pipe  is, 
that  where  they  have  to  be  of  a  large  section,  they  are  very  heavy  and 
difl&cult  to  handle.  The  joints  in  this  class  of  pipe  are  usually  made  with 
a  common  flat  flange,  and  an  india-rubber  ring  inserted  between  them, 
the  joint  being  well  secured  by  nuts  and  bolts.  For  deep  lifts  and 
heavy  pressures  the  top  flange  should  have  a  groove  cut  in  it,  while 
on  the  bottom  flange  a  rib  should  be  cast  to  fit  into  this  groove.  An 
india-rubber  joint  of  circular  section  is  fitted  into  the  groove,  and 
the  rib  on  the  other  pipe  fitted  on  it,  the  two  ends  being  well  screwed 
down  with  nuts  and  bolts  in  the  usual  way. 

WrougM'Iron  and  Steel  Pipes,  —  Pipes  of  this  class  are  now 
extensively  used  for  pumping  purposes,  and  possess  considerable 
advantages  over  those  made  of  cast-iron.  They  are  more  easily 
handled,  and  also  cheaper,  while  sections  of  any  reasonable  length 
can  be  readily  cut  off  and  fitted  wherever  required.  Pipes  of  large 
section  should  be  made  of  mild  steel,  which  is  more  homogeneous  and 
possesses  greater  strength  than  wrought-iron.  The  joint  used  for 
this  class  of  pipe  is  somewhat  different  from  that  used  in  cast-iron 
pipes.  Leaded  joints  are  sometimes  used  when  the  pipes  are  per- 
manently fixed,  such  as  in  siphons,  but  they  are  not  suitable  for 
shaft  work. 
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Eadie's  joint,  which  is  somewhat  similar,  is  also  much  used  both  for 
water  and  compressed  air.  At  Kladno,  Bohemia,  a  flange  packing 
has  been  successfully  adopted  for  a  head  of  water 
of  1700  ft.  One  of  the  flanges  is  recessed  to 
admit  a  ring  of  rubber  or  metal  of  L  shape,  this 
ring  being  held  in  position  by  a  rigid  metal  ring, 
which  gives  great  security  and  tightness  to  the 
joint  (fig.  351). 

Expansion  Joints. — Where  the  column  of  steel 
or  wrought-iron  used  is  very  long  in  either  shafts 
or  inclines,  expansion  joints  should  be  used  to 
prevent  'elbowing.'  The  commonest  forms  are 
merely  joints  with  an  ordinary  stuffing-box,  containing  hydraulic 
packing.  The  pipe  entering  the  stuffing-box  should  be  perfectly 
smooth,  and  kept  well  greased. 

Pipe  Supports, — Pipes  in  a  vertical  shaft  ought  to  be  properly 
supported  to  keep  them  in  a  vertical  line.     It  is  also  necessary  to 


Fig.  351. 


Figs.  352,  353,  354,  355.— Pipe  Supports. 

contrive  some  support  for  the  weight  of  a  long  column  of  pipes.  A 
support  ought  to  be  put  in  every  eight  or  ten  fathoms  at  least.  A 
common  method  is  to  lay  timber  pieces  across  the  shaft,  and  bolt  them 
firmly  down  to  the  buntons  at  one  end,  and  fix  them  into  the  strata 
at  the  other. 

Sometimes  the  rods  are  supported  by  the  method  shown  in  figs. 
352,  353.  Two  cross  pieces,  a  a,  are  laid  across  the  pieces  h  by  the 
two  sets  of  timbers  being  firmly  bolted  together  with  hanging  and 
horizontal  bolts.     When  there  is  little  room  in  the  shaft,  the  method 
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employed  is  to  use  a  gland,  bent  to  the  circle  of  the  pipes,  with  two 
screwed  ends,  over  which  a  plate  of  iron  is  fixed.  A  piece  of  wood, 
a,  like  a  saddle,  may  be  fixed  between  the  pipe  and  the  support,  and 
the  gland  then  tightened  by  the  nuts  (figs.  354,  355). 

Size  of  Pipes, — The  diameter  of  pipes  will,  of  course,  depend  on 
whether  they  are  connected  to  a  lift  or  force  pump,  and  on  the 
velocity  at  which  the  water  is  required  to  flow.  For  ordinary  lift 
pumps  the  pipes  ought  to  be  |^  in.  larger  than  the  working  barrel, 
so  that  the  bucket  can  be  drawn  through  them  if  necessary,  and 
changed  at  the  top  of  the  lift  or  on  the  surface.  With  force  or 
plunger  pumps  this  is  unnecessary,  and  therefore,  for  this  class  of 
pump,  the  diameter  of  the  delivery  pipes  may  be  smaller. 

The  velocity  of  the  flow  of  water  in  pipes  varies  as  the  area  and 
area  oo  D  2,  therefore  velocity  00  D  2. 


^1    Vi 
,*.  d    :  d    ::  \/i  *  ^2^^  ~2~~T'i  where  c?^ = diameter  of  plunger. 

<?2=         99  rising  main. 

^J^  =  velocity  of  water  in  rising  main. 
/^2= velocity  of  plunger. 

If  the  maximum  velocity  of  the  water  in  the  rising  main  is  not  to  exceed  say 
150  ft.  per  minute,  and  the  speed  of  plunger  60  ft.  per  minute,  diameter  of 
plunger  15  in.,  what  should  be  the  diameter  of  the  rising  main  ? 

152_150 
Here  d=15  in.,  mJi  =  150  ft.  per  min.,  /s/2=60  ft.  per  min.      .'.  ~2— -qq- 


.-.  150^^=60x152.-.  d^ = \/^^^.f^  =  /v/90  =  9 '48  in.    So  that  pipes  about  9J 

in.  diameter  would  be  suitable  for  a  15  in.  diameter  plunger  under  the  above  con- 
ditions. A  practical  rule  is  to  make  the  rising  main  about  £  the  area  of  that 
of  the  plunger. 

TJiicJcness  of  Pipes. — The  thickness  of  pipe  required  will  vary 
according  to  the  pressure  to  be  sustained  and  the  constancy  or  other- 
wise of  the  pressTire.  If  the  pressure  is  uniform,  the  pipes  may  be 
made  much  lighter  than  where  it  varies,  by  the  stopping  and 
starting  of  the  water  column,  as  in  a  single  acting  pump.  Similarly 
if  the  water  is  corrosive  the  pipes  will  require  to  be  extra  strong. 

Pipes  are  liable  to  rupture  either  transversely  or  longitudinally. 
Their  strength  may  be  calculated  according  to  the  following  formula  : 

Rupture  longitudinally  :  P  x  D  =  2^  x/. 

Rupture  transversely  :  P  x  D^  x  7854=^  x  D  x  3*1416  x/. 

Where  P= pressure  in  lbs.  per  sq.  in.  ^= thickness  of  pipes  in  in. 

D= internal  diagram  of  pipes  in  in.  /=coefl5cient  of  metal  employed 
(cast-iron  =  18500,  wrought-iron  =  50000). 
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Example. 

Given  a  set  of  pipes  10  in.  diameter  (internal) and  f  in.  thick:  find  the  pressure 
required  to  rupture  them  (a)  transversely,  and  (6)  longitudinally. 

(a)  Longitudinally : 

Px  B  =  2txf 

Px  10  =  2x1x18500 

p=2x5xl8600^2312-5  lbs.  per  sq.  in. 
10x8  ^      ^ 

(h)  Transversely  : 

P  X  D2  X  -7854 =^  X  D  X  3*1416  x/ 
PxlO  =4xfxl8600 

.-.  P  =^^^^,^^^QQ=4625'0lbs.  per  sq.  in. 

10  ^       ^ 

For  safety,  the  working  pressure  would  be  taken  at  |  to  J  of  the  above 
pressures. 
The  thickness  of  pipes  required  can  be  obtained  from  the  formula  deduced 

PD 
from  above,  t  =  -— ,  or  the  thickness  of  cast-iron  pipes  may  be  found  from  the 

formula  T  =  -=-—  ;  when  T= thickness  of  metal  in  inches,  D  =  diameter  of  pipe 

in  inches,  and  H=head  of  water  in  feet  that  will  burst  pipe  (working  headx 
factor  of  safety). 

Example. 

Suppose  a  head  of  water  of  600  ft.,  and  the  internal  diameter  of  pipes  10  in.; 
what  thickness  would  the  pipes  require  to  be,  taking  the  safe  working  pressure 
atil 

600x»434xl0^.g    .  g. 

2xl8500xJ       •'^     •"   S  "• 

In  practice  the  thickness  of  pipes  used  is  somewhat  greater  than  the  calculated 
thickness,  to  provide  for  wear  and  other  contingencies.  The  following  thick- 
nesses of  metal  are  used  for  cast-iron  pipes  of  different  diameter  and  for  different 
heads  of  water : — 

50  ft.  Head   100  ft.  Head  150  ft.  Head  200  ft.  Head  250  ft.  Head  300  ft.  Head 
or  21-65  lbs.    or  43-3  lbs.    or  64*85  lbs.    or  86*6  lbs.    or  10825  lbs.  or  129*9  lbs. 
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Pump  Valves  or  Clacks. — Valves  for  pumps  used  in  mines  are 
of  various  types,  their  design  and  construction  depending  upon 
whether  the  water  is  clean  or  gritty,  acid  or  otherwise  corrosive,  and 
whether  the  temperature  is  high  or  low. 


Fig.  356,— Elevation. 


Fig.  35S.— Elevation. 


Fig.  357.— Plan. 
Common  Hinged  Clack  Valve. 


^-       %^^ 


Fig.  359.— Plan. 
Straight  Lift  Valve. 
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Figs.  366,  357,  358,  369.— Various  Types  of  Valves  (for  description  see  pp.  278-280). 

There  are  three  types  of  valves  generally  used,  viz.: 

(1)  Hinged  valves,  commonly  called  clacks. 

(2)  Straight  lift  valves,  which  rise  vertically  on  their  seats. 

(3)  Flexible  valves,  which  alter  their  form  on  opening. 

In  ordinary  pumps  the  valves  mostly  used  are  of  the  hinged  type, 
with  either  a  single  or  double  lid  (see  figs.  356,  357,  360). 
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For  direct  driven  pumps,  straight  lift  valves  are  very  largely  used 
Figs.  358,  359  show  such  a  valve,  which  is  commonly  used  for  any 
pressure  up  to  500  lbs.  per  square  in.  Double  flap  or  *  butterfly ' 
lid  valves  are  almost  entirely  used  for  buckets  and  clack  valves  of 
lifting  sets.  Thus  the  latter  valve  is  very  suitable  for  lifts  which  do 
not  exceed  30  to  40  fms. ;  but  for  lifts  over  30  fms.,  iron  hinges  should 
be  used  instead  of  leather.     Figs.  361,  362  show  this  tvpe  of  valve. 


jZinches 


Fig.  360.— Double  Hinged  Valve. 


Fig.  362. —Flexible  Valve  Plan. 


"O" 

Fig.  361.— Flexible  Valve  Elevation. 
Figs.  360,  361,  362.— Various  Types  of  Valves  (for  description  see  pp.  278-280). 

The  valves  are  usually  faced  with  leather,  but  where  acid  water 
has  to  be  pumped,  rubber  is  to  be  preferred,  and  sometimes  vulcanite 
or  brass  is  used  instead  of  iron  for  mounting.  If  the  water  is  hot  a 
rubber  composition  is  used  for  facing  them. 

Hinged  valves  are  more  liable  to  leakage  than  straight  lift  valves, 
as  they  wear  more  unequally ;  but  the  tightness  of  a  valve  depends  a 
good  deal  on  the  pressure  per  square  in.  on  its  face,  while  the  less 
bearing  it  has,  the  more  difficult  it  is  to  keep  it  tight.     On  the  other 
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hand,  the  larger  the  bearing  surface,  the  greater  the  wear.  Leakage 
with  hinged  valves  will  probably  amount  to  10  or  12  per  cent.,  and 
for  lift  valves  5  to  7^  per  cent. 

A  valve  should  not  be  larger  than  10  in.  in  diameter.  If  larger 
outlets  than  this  are  required  they  should  be  made  double,  for  when 
the  valve  is  very  large  it  is  impossible  to  prevent  it  from  *  hammer- 
ing,' owing  to  the  weight  of  water  above.  Good  valves  should  be 
simple  in  construction,  and  not  liable  to  get  out  of  order.  They 
should  present  as  little  resistance  as  possible  to  the  flow  of  water, 
and  should  close  as  quickly  as  possible  on  the  completion  of  the 
stroke. 

Buckets. — Buckets  are  usually  constructed  of  iron  with  leather 
mountings,  the  shell  being  often  composed  of  gutta-percha,   or  a 


i2i 
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Figs.  363,  364,  365. —Bucket  and  Connections. 
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composition  containing  this.  They  ai*e  provided  at  the  top  with  two 
flap  lids  opening  from  the  centre.  Their  construction  will  be  under- 
stood from  figs.  363,  364,  365.  The  leather  and  other  mountings 
•should  be  of  the  very  best  quality,  otherwise  they  will  rapidly  wear, 
and  cause  much  trouble  and  annoyance.  For  very  high  lifts  the 
bucket  is  sometimes  made  entirely  of  metal.  Fig.  366  shows  such  a 
bucket  constructed  of  steel,  and  simply  made  to  fit  sufficiently 
well  to  prevent  leakage,  and  not  occasion  too  much  friction. 

The  bodies  of  buckets  of  this  class  are  made  a  good  deal  longer 
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than  ordinary  sorts,  which  increases  their  eflSciency  against  leakage. 
Grooves  are  sometimes  turned  in  the  body  of  the  bucket,  and  brass 
rings  inserted  to  make  them  work  smoothly. 

Plungers  or  Earns. — Plungers  for  ordinary  pit  pumps  are  usually 
made  of  cast-iron;  for  small  pumps,  or  where  the  water  contains 


Fig.  366.— Steel  Bucket 


Figs.  367,  368.  —Plunger  Connections. 


much  acid,  they  are  sometimes  made  of  brass  or  lined  with  it.  The 
plunger  is  usually  made  hollow,  and  connected  to  the  rods  by  the 
methods  shown  in  figs,  367,  368.  In  large  hollow  plungers  the  wood  rod 
is  sometimes  simply  driven  in  firmly  to  give  it  sufficient  gripping  power 
to  prevent  it  from  slipping.  The  plunger  should  be  accurately  turned 
and  finished  smooth,  so  as  to  work  with  as  little  friction  as  possible. 
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Plungers  should  be  kept  well  greased  at  the  top  of  the  stuffing 
box,  as  this  will  reduce  friction  and  tend  to  easy  working. 

Fump-Bods  or  Spears. — Pump-rods  are  usually  made  of  pieces  of 
pitch  pine  or  oak,  in  convenient  lengths,  square  or  rectangular  in 
section.  The  sections  vary  from  18  to  45  ft.  long,  30  ft.  being  a 
common  length.  They  are  joined  together  by  strong  iron  plates  to 
withstand  the  heavy  strains  to  which  they  are  subjected.  Iron  rods 
are  sometimes  used,  but  not  very  extensively,  at  least  in  Britain, 
because  they  are  more  difficult  to  make  and  to  put  together,  get 
more  easily  out  of  order,  and  are  more  difficult  to  repair  than 
wooden  rods. 

Speaking  of  iron  pump-rods  Gallon  says,  "  The  lightness  of  rods 
is  not  usually  a  point  to  be  desired,  because  we  are  often  led  on  the 
contrary  to  give  them  additional  weight.  We  may  fairly  conclude 
that  this  is  one  of  those  cases  more  frequent  in  practice  than  we 
think,  in  which  the  word  modification  need  not  necessarily  signify 
improvement,  and  that  metallic  rods  have  no  decided  superiority  over 
wooden  ones." 

On  the  whole,  rods  made  of  pitch  pine  have  been  found  to  be  in 
every  way  better  suited  for  pumping.  The  size  of  section  will  vary 
according  to  the  size  of  pump  and  length  of  lift.  The  pieces  are 
joined  to  one  another  by  either  a  common  square  joint  or  a  scarf 
joint,  and  held  together  by  iron  plates  and  bolts  (see  figs.  369,  370, 
371). 

For  plimger  or  force  pumps  the  joint  should  be  made  square,  as  the 
whole  of  the  pressure  or  work  done  is  practically  on  the  down  stroke ; 
but  for  bucket  or  lift  pumps,  where  the  tension  is  greatest  on  the  up 
stroke,  the  joint  is  often  scarfed  in  a  zig-zag  fashion  which  is  foimd 
to  give  better  results. 

For  rods  up  to  8  in.  or  9  in.  square,  two  straps  or  plates  and 
*  dumb '  or  *  clink '  bolts,  put  in  at  right  angles  to  the  plate  bolts  and 
a  little  above  them  (fig.  369)  will  be  sufficient  to  prevent  the  other 
bolts  from  tearing  along  the  grain  of  the  wood.  The  bolt  holes  in 
the  plates  should  be  bored  in  zig-zag  fashion,  otherwise  if  they  are 
placed  in  a  line  they  will  have  a  greater  tendency  to  split  the  rod. 
For  rods  over  9  in.  square  four  plates  will  be  necessary  to  give  them 
the  requisite  strength.  The  plates  used  on  the  joints  are  from  6  to 
18  ft.  in  length,  according  to  the  size  of  the  rods  and  the  length  of 
lift ;  they  may  be  either  uniform  in  section  or  somewhat  tapered  at 
each  end. 

Additional  strength  may  be  obtained  by  over-lapping  the  ends  of 
the  rods,  under  the  jointing  plates,  by  a  separate  piece  fitted  in,  and 
holding  the  ends  by  means  of  steel  keys  (a,  fig.  372). 

When  the  rods  required  for  a  pump  have  to  be  very  large  in  section, 
and  would  be  too  large  to  be  handled  eafiily,  two  rods  of  smaller 
section  are  sometimes  employed,  braced  together  by  iron  stays  and 
bolts,  as  in  fig.  373. 
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Sometimes  the  lengths  of  pump-rods  are  joined  together  by  plates 
having  projections  for  the  bolts  (fig.  374),  to  obviate  the  necessity  of 
boring  bolt  holes  in  the  rods  themselves.  This  plan  is  said  to  give 
additional  strength  to  the  rods,  and  saves  labour  in  boring  holes,  and 


h  a  -^ 
Figs.  369,  370,  371.— Pump-rods  or  Spear  Joints. 

the  plates  are  more  easily  put  on.  The  same  object  may  be  attained 
by  using  two  long  wooden  straps  at  the  joint  and  bolting  them 
firmly  on  the  rod. 

In  both  these  methods  great  care  should  be  taken  that  none  of  the 
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bolts  get  slack  as  the  rods  would  be  liable  to  drop  out  from  between 
the  plates. 

The  sizes  of  rods  used,  as  already  mentioned,  will  depend  on  the 


Fig.  872. 


Figs.  373,  374. 


size  and  speed  of  pnmp,  and  length  of  lift,  or  head  of  water.     The 
following  sizes  are  often  used  in  practice,  viz. : 

8-in.  bucket.  L'ft  30  to  40  fathoms.  Rods  4  in.  square,  plates  |  in.  x  3^  in. 
x8  It.  R  d  bolts  }  in.  diameter.  *Dumb'  bolts  I  in.  diameter. 
Bolts  put  in  10  in.  centre  to  centre. 
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lO-in.  bucket.    Rods  5  in.  square,  with  same  sizes  of  plates  and  bolts  as  for 

8 -in.  bucket. 
12-in.  bucket.    Rods  6  in.  square,  plates  }  in.  x^  in.  x  9  ft.     Rod  bolts  g  in. 

diameter,  dumb  bolts  |  in.  diameter,  and  5  on  each  side  of  joint. 
16-in.  bucket    Rods  8  in.  square,  plates  i  in.  or  J  in.  x  6  in.  x  9  ft.    Rod 

bolts  1  in.  diameter,  dumb  bolts  f  in.  diameter. 

With  a  20-in.  bucket  the  rods  would  require  to  be  10  in.  square, 
and  four  plates  would  have  to  be  used  instead  of  two,  the  plates 
being  about  f  in.  x  8  in.  x  12  ft.,  and  the  bolts  1 J 
in.  to  IJ  in.  diameter.  Pitch  pine  sawn  into  lengths 
for  pump -rods  costs  about  2s.  6d.  per  cubic  foot. 
Plates  bored  and  ready  for  putting  on  cost  8s.  per 
cwt.,  and  bolts  10s.  6d.  per  cwt. 

In  calculating  the  size  of  rods  and  plates  to  be  used 
for  any  given  size  of  pump  and  length  of  lift,  different 
formulae  are  used,  giving  somewhat  different  results, 
but  a  simple  plan  is  to  equate  the  opposing  strains 
or  pressures  to  which  the  rods  are  subjected. 

In  an  ordinary  lifting-pump  as  illustrated  (fig.  375),  let/i  be 
the  tensile  strength  of  pitch  pine  (12,000  lbs.  per  sq.  in.)  and 
A  the  sectional  area  of  rod  in  sq.  in.  Then  the  total  upward 
strain  on  rod  will  equal  A  x/. 


If  a  is  the  area  of  bucket  in  sq.  in.  (D^x  '7854),  and  p  the 


Fio.  376. 


pressure  in  lbs.  per  sq.  in.,  due  to  head  of  water  (head  in  ft 
X  '434),  then  a  xp  will  be  the  total  dowmvard  strain. 

Now  Ax/ should  equal  ax. p. 

This  rule  would  give  the  data  required  for  calculating  the  size  of  rod  necessary 
to  exactly  balance  the  downward  strain,  but  in  actual  practice  a  large  margin 
would  have  to  be  allowed  for  safety,  this  factor  depending  on  the  speed  and  size 
of  pump.  The  inertia  of  the  water  column  and  of  valves  would  also  have  to  be 
taken  into  account.  For  quick-running,  intermittent  pumps,  where  the  strokes 
are  more  frequent  than  in  large,  slow-moving  pumps,  the  factor  of  safety  should 
be  comparatively  high,  say  30  to  40  ;  while  for  slow-moving  pumps  20  to  30 
is  generally  sufficient. 

Example, — What  size  of  (a)  rod  and  (&)  plates  should  be  used  in  a  20-in. 
lifting  set,  the  head  of  water  being  40  fathoms,  and  the  factor  of  safety  30. 

(a)  Ax/=ax^xM 

A  X  12000  =  20^  X  -7854  x  240  x  434  x  30  =  81-8  sq.  in.  (area  of  rod  required). 

{h)  The  size  of  iron  plates  may  be  found  in  the  same  way,  by  substituting 
50000  for  12000,  the  factor  of  safety  being  taken  at  10.*  If  two  plates  are  put 
on  each  joint  and  each  plate  is  6  in.  broad, 

A  X  50000  =  202  X  -7854  x  240  x  '434  x  10 

5  A  =  32 '64  .*.  A  =  6-52  sq.  in.  area  ;  hence 

R-KO 

Thickness  of  plate=  -— =  11*.^»4  in.  (al)out  ^  in.) 
2x6 

The  plates  would  therefore  require  to  be  §  in.  x  6  in.  x  12  ft.  with  bolts  1^  in. 
diameter.  For  plunger  pumps  the  compressive  strain  (6000  lbs.  per  sq.  in.)  of 
pitch  pine  would  require  to  be  taken  instead  of  tensile  strain. 

*  Tensile  strength  of  wrought  iron  =  50, 000. 
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The  following  empirical  formulae  are  also  used  for  determining  the  dimensions 
of  pump-rods,  plates,  and  bolts  : 

Bucket  Pump-Hods : 

Sectional  area  of  rods=^^^  of  bucket    ^     ^    ^    ^^^ 

•.i«4.««  _area  of  bucket  ,, . 

„  „      plates  = g-j-^ .     .     .     (6). 

i.^u„       area  of  rod  /. 

„  „       bolts= ^ .    .     .     (c). 

PluTiger  Pump-Rods : 
Sectional  area  of  rods  of  lowest  lift  =^^^^  of  pnmp      ^    ^    ^     ^^^ 

second  „  =5I?i^^PHI^P  +  area  of  bottom  lift .  .  (4 

third     „  ^areaofpump^^^^^  ^^  ^^^^^^  lif^       ^^^ 
o 

•^^«4.«r.             area  of  rods  /  » 

„  „  plates        = — .    .    .    (gr). 

1.^1 4.^              area  of  rods  ,,» 

,,  „  bolts  = — .     .     .    {h). 

Guiding  tlie  Pump-rods. — When  the  pump-rods  are  in  operation, 
they  require  to  be  kept  from  twisting  or  vibrating  in  the  shaft ;  this 
is  done  by  *  collaring '  or  guides.  The  collaring  is  composed  of  pieces 
of  wood  nailed  or  bolted  to  the  cross  buntons  at  certain  fixed  distances 
apart.  They  ought  to  be  placed  sufficiently  near  each  other  to  keep 
the  rods  from  *  buckling  *  under  compressive  strains,  and  they  ought 
to  be  kept  in  line  or  as  nearly  so  as  possible.  Pieces  of  hard  wood, 
oak,  or  beech,  called  cleats,  are  fixed  to  the  rods  {a  a,  fig.  376)  either 
by  nails,  counter-sunk  bolts,  or  by  glands  at  the  top  and  bottom. 
These  cleats  are  2  in.  to  3  in.  thick,  tapered  at  the  ends,  and  made  a 
little  longer  than  the  stroke  of  the  pump.  They  are  put  on  to  pre- 
vent the  rods  from  wearing  too  rapidly  and  to  prevent  breakage. 
Figs.  376,  377  show  the  methods  of  collaring. 

Sometimes  a  piece  of  wood,  square  in  section,  is  fixed  to  the  rods 
and  works  in  a  *  shoe  *  fixed  on  the  cross  buntons  or  the  guides,  or 
the  rods  may  be  made  of  iron  and  a  '  shoe '  fitted  to  suit,  which  is 
much  more  substantial. 

All  these  cleats  or  rubbing  pieces  should  be  kept  well  lubricated,  to 
reduce  friction  and  wear  to  a  minimum. 

The  rods  working  inside  the  pipes  (called  *  wet '  rods)  miist  also  be 
provided  with  cleats  to  prevent  the  bolts  or  plates  from  rubbing 
against  and  wearing  the  pipes. 

^  Bang*  Pieces. — The  rods  should  also  be  provided  with  *bang' 
pieces,  by  means  of  which,  in  the  event  of  the  rods  breaking  or 
getting  detached  from  the  engine  for  repairs,  they  may  be  caught  and 
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rested  on  strong  beams  placed  across  the  pit  (called  *  Horse  Trees '). 
The  'bang'  pieces  (figs.  378,  379,  380)  may  be  made  of  either 
wood  or  iron  clamped  to  the  rods.  It  is  best  to  secure  these  catches 
to  the  rods  without  the  bolts  passing  through  the  latter,  because 
then  they  can  slip  a  little,  and  so  lessen  the  shock  if  they  happen  to 
fall  away.  With  the  same  object  a  *  cushion  *  is  sometimes  used,  made 
of  thin  boards  (a  a)  placed  immediately  above  the  *  horse  trees.'  The 
cross  beams  or  *  horse  trees '  require  to  be  sufficiently  strong  to  with- 
stand the  shock  of  the  column  of  rods  falling  on  them  suddenly. 


Elevation. 


Plan. 


Figs.  376,  377.  -'Collaring*  for  Rods. 


There  ought  to  be  at  least  two  of  these  supports,  one  immediately 
below  the  '  bell  cranks,'  and  the  other  at  the  bottom  of  the  rods. 

Offsets  or  Aprons. — The  usual  method  of  operating  two  sets  of 
pumps  by  one  column  of  rods  is  generally  done  by  means  of  offsets 
called  aprons.  The  usual  way  is  to  insert  a  square  block  of  wood, 
called  an  '  apron,'  between  the  two  sets  of  rods,  so  as  to  carry  tiie 
one  set  (those  of  the  lower  lift)  clear  of  the  working  barrel  of  the 
other  set  (figs.  381,  382). 

Cast-iron  aprons  are  also  used  for  making  offsets  (figs.  383,  384), 
and  are  better  than  wood,  as  they  are  less  liable  to  shrink,  and  the 
clamps  less  likely  to  get  loose. 
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Guides  or  collaring  should  be  placed  as  near  where  the  offset  is 
made  as  possible,  both  above  and  below. 

The  offset  may  also  be  effected  by  using  a  *  cross-head,'  which  is 
to  be  preferred  to  the  ordinary  apron,  as  the  set  of  rods  operated 
below  the  cross-head  is  in  direct  line  with  the  rods  working  above,  so 
tending  to  reduce  friction  and  strains  (see  fig.  385). 

Balancing  the  Rods. — In  most  pumping  arrangements,  where 
wooden  rods  are  used,  some  balancing  arrangements  are  required,  as 


'^m. 


Figs.  378,  379,  380.— 'Bang*  Pieces 

the  rods  are  nearly  always  heavier  than  the  column  of  water  they 
have  to  raise. 

Gallon  says  :*  "  This  excess  of  weight  requires  the  expenditure  of 
a  certain  amount  of  motive  power  to  raise  it,  and  as  soon  as  the 
rod  in  its  descent  has  opened  the  clacks  it  becomes  useless  and  even 
injurious.  In  fact  it  becomes  necessary  to  counterbalance  it,  so  that 
the  rod  may  not  acquire  an  accelerated  velocity." 

*  Lectures  on  Mining^  M.  Gallon,  vol.  ii.  pp.  347-8. 
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There  are  different  methods  of  applying  a  counterbalance,  but  the 
commonest  one  is  to  use  a  balance  on  the  *  bell-crank '  at  the  surface, 
or  an  auxiliary  bell-crank  in  some  part  of  the  shaft. 

A  double  bell-crank  is  sometimes  used  for  the  counterbalance,  and 
at  one  end  a  heavy  weight  is  placed,  generally  a  large  box  filled  with 
scrap  metal,  which  can  be  adjusted  whenever  required  (fig.  386). 


Figs.  381,  382.— Offset  or  'Apron.' 


Figs.  383,  384.— Cast-iron  'Apron.* 


Hydraulic  or  loaded  pistons  are  also  used  for  balancing  the  rods, 
and  compressed  air,  where  used,  can  also  be  applied  for  this  purpose, 
and  is  to  be  preferred  to  the  hydraulic  piston. 

*  In  West  &  Darlington's  hydraulic  balance  an  auxiliary  piston  is 

*  For  fuller  description  of  this  balancing  arrangement,  see  Ore  and  StoTie 
Mining,  Le  Neve  Foster,  p.  458. 
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used,  worked  off  the  main  rods  (fig.  387).  The  loss  of  water  is  made 
up  by  the  pipe  h,  which  communicates  with  a  cistern  placed  in  the 
shaft.  When  this  cannot  be  done  a  small  plunger  J  draws  up,  and 
forces  in  the  necessary  supply.  The  same  arrangement  can  be 
adopted  with  compressed  air. 

Bucket  Pumps. — These  pumps  are  largely  used  for  raising  water 
in  shafts.  They  are  similar  to  ordinary  well  pumps.  A  working 
barrel  a  (fig.  389),  smoothly  bored  out,  works  the  bucket  h. 
Immediately  below  the  working  barrel  is  the  clack  piece  c,  which 


Fig.  385.— Cross  Head. 


Fig.  386.— Balance  Beam. 


contains  the  suction  or  receiving  clack  c?,  and  dipping  into  the  water 
is  the  wind-bore  or  snore-pipe  e,  which  is  a  pipe  closed  at  one  end 
with  a  number  of  holes  bored  in  it  for  the  admission  of  the  water. 

Action  of  Pump, — Suppose  the  bucket  to  be  at  the  end  of  the 
down  stroke,  and  to  be  now  raised.  This  upward  motion  tends  to 
produce  a  vacuum  below  it,  and  the  air  contained  in  the  wind-bore 
opens  the  suction  valve  and  rushes  into  the  working  barrel.  The 
elastic  force  of  this  air  being  thus  diminished,  the  atmospheric 
pressure  will  cause  the  water  to  rise  in  the  pipes  until  the  pressure 
of  the  column,  increased  by  that  of  the  air  inside,  exactly  counter- 
balances the  pressure  of  the  external  atmosphere.    At  the  next 
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stroke  of  the  bucket  a  fresh  quantity  of  air  will  escape,  and  the 

water  will  rise  higher  in  the  pipes,  this  process  being  repeated  until 

the     water     reaches     the 

bottom    of    the     bucket, 

provided    the    distance    is 

not    greater    than    34  ft. 

In  practice  this  height  is, 

however,    never    attained, 

20  to  25  ft.  bemg  the  best 

working  distance  between 

the  bucket  and  the  surface 

of  the  water.      The  pipes 

being  now  filled  with  water 

up  to  the  working  barrel, 

and  the  pump-rod   falling 

at  the   down    stroke,    the 

suction  valve  will  be  closed 

and  the  valves  on  the  top 

of  the  bucket  will  be  open, 

allowing  the  water,  which 

on  the  up  stroke  will  be 

carried  the  full   length  of 

the  stroke,  to  rush  through. 

This    process    is    repeated 

until  the  water  reaches  the 

surface.      It  will  be   seen 

that     nearly     the     whole 

weight  of  water  is  raised 

on  the  up  stroke. 

Plunger  Pump.  —  The 
construction  of  the  plimger 
pump  is  somewhat  different 
to  that  of  the  bucket 
pump.  In  this  pump  there 
is  a  long  solid  piston  or 
plunger  a  (fig.  388)  con- 
nected to  the  pump-rods 
h,  working  through  a  stuff- 
ing-box c,  in  the  barrel  or 
ram  casing  d.  Instead  of 
a  single  valve,  as  in  the 
bucket  pump,  there  are 
two,  a  suction  valve  e,  and 
a   delivery    valve  /,    situ- 


I    "LJ 3~ 
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Fig.  387.— West  and  Darlington's  Balance. 


ated  in  the  two  clack  chambers  g  and  h. 

Action  of  Plunger  Pump. — The  prmciple  of  this  pump  is  exactly 
like  that  in  the  bucket  pump,  but  it  is  worked  somewhat  differently. 
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On  the  up  stroke  of  the  plunger  the  water  forces  the  suction  clack 
open  and  fills  the  space  between  it  and  the  bottom  of  the  plunger ; 
on  the  down  stroke  of  the  plunger  the  suction  valve  is  closed  and 
the  water  is  forced  up  through  the  delivery  clack  the  full  length  of 


Figs.  388,  389.— Plunger  and  Bucket  Pumps. 

the  stroke,  the  same  process  being  repeated  at  each  stroke  until  the 
water  is  delivered  at  the  surface.  Thus  the  whole  of  the  work  done 
is  practically  carried  out  in  the  down  stroke. 

In  a  bucket  pump  the  work  is  more  unequally  divided  than  in  a 
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plunger  lift ;  but  with  a  bucket  pump  the  rods  last  much  longer 
unless  the  water  is  acid  and  destroys  the  iron  connections  at  the 
joints.  The  latter  has  also  the  advantage  that  in  case  of  a  sudden 
inflow  of  water  in  the  shaft,  the  bucket  may  be  drawn  through  the 
pipes  and  changed  at  the  top  of  the  lift,  if,  as  is  usual  in  fitting  up 
bucket  lifts,  the  pipes  are  a  little  larger  than  the  working  barrel.  It 
is,  therefore,  generally  the  rule  where  there  are  a  series  of  lifts  in 
the  shaft,  to  make  the  bottom  one  a  bucket  lift.  It  is  usual  to 
arrange  bucket  lifts  with  two  bell-cranks,  so  that  when  one  of  the 
lifts  is  making  an  up  stroke  the  other  is  making  a  down  stroke.  In 
this  way  they  are  more  or  less  balanced,  and  the  work  done  by  the 
engine  is  better  distributed. 

Compared  with  a  bucket  lift  the  advantages  of  plunger  pumps 
may  be  thus  stated  : — (1)  The  rods  or  spears  being  working  outside 
the  pipes,  can  be  more  easily  examined  and  got  at  for  repairs  when 
needed.  (2)  Any  leakage  at  the  plunger  is  more  easily  seen  and  re- 
paired. (3)  The  delivery  pipes  may  be  smaller.  It  is  usual  to  deter- 
mine the  size  of  the  delivery  pipes  by  the  velocity  at  which  the  water 
can  travel  without  excessive  friction.  (4)  The  power  is  more  evenly 
distributed  during  the  up  and  down  strokes. 

Length  of  lAfts, — The  length  of  lift  depends  somewhat  on  the 
point  at  which  the  water  is  coming  into  the  shaft,  and  the  suitable- 
ness of  the  strata  for  a  seat  for  the  column  of  pipes  and  also  for  a 
lodgment  for  the  water.  For  bucket  pumps  it  is  found  that  the 
most  suitable  length  of  lift  is  from  30  to  35  fathoms,  and  for  plimger 
pumps  40  to  70  fathoms,  according  to  the  type  and  size  of  engine  used 
to  operate  the  pumps.  With  engines  of  the  Cornish  type,  the  lift  is 
not  often  more  than  45  fathoms,  while  with  direct-acting  engines  of 
Bull  type  the  lift  may  be  70  or  75  fathoms.  With  such  long  lifts 
the  speed  must  be  slow,  so  as  to  avoid  too  severe  shocks,  and  the 
stroke  long. 

With  the  power  engine  placed  at  the  bottom  of  the  shaft  the 
water  may  be  forced  up  any  height  of  lift  between  100  and  1500  ft.; 
but  with  very  long  lifts  the  joints  at  clack  chambers  and  between 
the  pipes  will  be  very  difficult  to  keep,  and  may  give  much 
trouble. 

Speed  of  Pumps. — This  will  vary  much,  according  to  the  size  and 
type  of  pump  used.  For  either  plunger  or  bucket  pumps  working 
with  rods,  a  good  average  speed  is  60  to  80  ft.  per  minute,  which 
may  be  increased  a  little  with  pumps  below  12  in.  in  diameter.  For 
pumps  working  direct  without  rods,  the  speed  may  be  100  to  150  ft. 
per  minute,  according  to  the  size  of  the  engine.  In  all  pumps  great 
care  ought  to  be  taken  to  avoid  sudden  shocks. 

Lenfifh  of  StroJi'e. — This  will  also  be  determined  by  the  size  and 
type  of  pump  used,  and  may  vary  from  3^  ft.  for  8  in.  or  10  in. 
diameter  pumps,  and  small  engines  up  to  12  or  13  ft.  for  20  in.  to 
30  in.  diameter  pumps  and  large  du-ect-acting  engines. 
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QuaTvtity  of  Water  delivered  by  a  Picmp. — The  quantity  of  water  delivered  by 
a  i^ump  can  be  calculated  from  the  formula, 

^     D^x -7854  xLxNx  6-25      ^     ^,     ^^^ 
G= Yu orG=D2x  '034 

Where  D= diameter  of  pump  in  inches. 
L= length  of  stroke  in  feet. 
N= number  of  effective  strokes  per  minute. 
G= gallons  delivered  per  minute. 
6  "25  =  number  of  gallons  in  1  cub.  ft.  of  water. 

These  formulae  will  give  the  theoretical  quantity  delivered,  5  per  cent,  to  12 
per  cent,  of  which  should  be  deducted  for  slip  at  the  valves  and  bucket  or 
plunger. 

JSmmple. — How  many  gallons  could  a  pump  15  in.  diameter,  with  a  6  ft 
stroke,  and  making  eight  effective  strokes  per  minute,  deliver  per  minute,  allow- 
ing 10  per  cent,  for  slip  ? 

G=D2x034xLxN 
=:152x -034x6x8 
=367*2  gallons  per  minute  without  slip. 

367-2x90 
'*•  ^~      100 

=330*48  gallons  per  minute  allowing  for  10  per  cent.  slip. 

The  theoretical  quantity  delivered  per  foot  stroke  is  approximately  found  by 

the  expression  G = oq  . 

The  diameter  of  pump  required  for  a  certain  quantity  of  water  may  also  be 
derived  from  the  above  formula, 

^'^•034xLxN* 

Example, — What  size  of  pump  would  be  required  to  deal  with  10,000  gallons 
of  water  per  hour  ?  Engine  to  work  124  hours  per  week,  and  10  per  cent,  to  be 
allowed  for  leakage. 

10,000  gallons  per  hour =166 '6  gallons  per  minute. 
124  hours  per  week=  17*7  hours  per  day. 

.  •.  — ypj —  + 10  per  cent.  =248*48  gallons  per  minute.     If  the  effective  speed 

of  pump  is  30  ft.  per  minute,  then  D^=— —=16*6  in.   diameter.      The 

^      ^  ^  '  '034x30 

size  of  pump  required  would  therefore  be  16*6  in.  diameter,  say  with  6  ft.  stroke, 
going  at  six  strokes  per  minute. 

Piston  Pumps, — This  type  is  largely  used  for  direct-acting  pumps 
working  underground  without  rods,  and  is  invariably  double  acting. 
The  working  of  the  pump  will  be  understood  from  fig.  390.  A  piston  a 
works  in  the  working  barrel  h,  to  which  are  four  openings  fitted  with 
valves,  two  receiving  and  two  discharge.  The  action  of  the  pump  is 
as  follows  : — When  the  piston  moves  outward,  the  clacks  or  valves  c 
and  e  will,  supposing  the  pump  is  full  of  water,  be  open,  water  being 
received  through  the  valve  c  and  discharged  through  the  valve  e. 
On  the  return  or  inward  stroke  the  valve  d  will  be  open,  receiving 
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water,  and  the  valve  /  open  discharging,  so  that  there  is  a  continual 
flow  of  water  during  both  strokes. 

Plant  Required  for  Working  Pumps.— The  engines  used  for 
operating  pumps  may  be  worked  with  (1)  steam,  (2)  compressed 
air,  (3)  hydraulic  pressure,  or  (4)  electricity. 

For  operating  pumps  in  shafts  engmes  worked  by  steam  are  almost 
universally  used,  especially  when  they  are  situated  on  the  surface. 
Steam  engines  for  working  pumps  by  means  of  rods  may  be  divided 
into  three  classes :  (1)  rotative,  (2)  non-rotative,  (3)  geared. 

The  non-rotative  types  may  be  either  direct  acting  or  indirect 
acting.  Direct-acting  engines  are  those  in  which  the  piston-rod  is 
in  line  and  connected  to  the  pump-rods.  The  Bull  engine  is  the 
most  familiar  type  of  this  class  of  pumping  engine. 

Sometimes  a  direct-acting  engine  is  defined  as  a  "machine  for 
raising  water,  so  constructed  that  the  pump  is  worked  by  the  motive- 
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Fig.  390.— Piston  Pump, 

power  cylinder,  without  the  intervention  of  beams,  connecting  rods, 
cranks,  or  fly-wheels." 

Direct-acting  engines  are  not  so  largely  used  now  as  formerly, 
because  the  cylinder  usually  obstructs  the  mouth  of  the  shaft.  This 
is  often  inconvenient,  unless  there  is  plenty  of  room,  or  a  shaft  is 
wholly  set  apart  for  pumping.  This  type  of  engine  also  requires 
very  heavy  and  expensive  foundations,  and  it  is  also  wasteful  of 
power,  owing  to  the  uncertainty  of  the  point  at  which  the  stroke  is 
completed,  and  the  necessity  for  thus  working  with  a  large  *  clear- 
ance '  space  in  the  cylinder. 

Geared  pumping-engines  are  very  largely  used  for  actuating  pumps 
with  rods,  and  are  receiving  more  attention  from  engineers  than 
formerly.  The  great  advantage  of  this  class  of  engine  is  that  the 
speed  can  be  easily  altered  to  suit  any  conditions  and  that  the  work 
per  stroke  can  be  varied  much  more  easily  than  in  other  types. 

It  must  not  be  forgotten,  too,  that  steam,  being  a  much  more 
elastic  body  than  water,  can  be  moved  more  rapidly  without  danger, 
and  hence  in  a  geared  engine  the  steam  may  be  moving  very  rapidly, 
while  the  water  may  be  moving  very  slowly.  This  class  of  engine 
can  likewise  be  erected  more  cheaply  and  disposed  of  more  readily 
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than  large  direct-acting  engines,  if  not  required  for,  or  readily 
adapted  to  other  work  than  pumping. 

Special  Tjrpes  of  Pumping  Engine: — Bull  Engine, — The  Bull 
engine  may  be  termed  a  Cornish  engine,  with  a  beam  working  under 
the  cylinder  instead  of  over  it  (fig.  391).  The  cylinder  is  placed 
directly  over  the  shaft  in  a  line  with  the  pump-rods,  these  being  a 
continuation  of  the  piston-rod,  and  acting  direct. 

The  great  objection  to  this  class  of  engine  is,  that  it  blocks  up  the 
shaft  and  requires  large  and  expensive  foundations.  On  the  other 
hand,  the  first  cost  is  less  than  for  an  ordinary  Cornish  engine. 

A  modification  of  the  Bull  engine  is.  sometimes  used,  in  which,  to 
avoid  the  cylinder  being  placed  directly  over  the  shaft,  it  is  placed 
some  distance  back  and  bell-cranks  introduced  between  the  piston 


Fig.  391.— Bull  Engine. 


Fig.  392.— Cornish  Engine. 


and  the  pump-rods.  In  this  way  the  space  in  the  shaft  is  not 
encroached  upon  to  the  same  extent,  and  less  expensive  foundations 
are  necessary. 

Sometimes  these  engines  are  worked  on  the  compound  condensing 
principle,  with  high  and  low  pressure  cylinders.  The  steam  is  regu- 
lated in  the  same  way  as  in  the  Davey  engine,  by  an  auxiliary  piston 
and  tappet  valves,  and  is  not  permitted  to  act  by  expansion  alone, 
but  by  wire-drawing  to  a  considerable  extent. 

Cornish  Engine, — This  is  one  of  the  oldest  of  pumping  engines, 
the  type  having  been  first  devised  by  Watt,  and  such  engines  are 
still  used  to  a  considerable  extent  for  pumping  in  mines.  The 
Cornish  engine  is  generally  worked  as  a  single  acting,  high-pressure 
condensing  engine.  It  consists  of  a  vertical  cylinder,  having  the 
piston-rod  connected  to  one  end  of  a  large  *  walking '  beam,  and  the 
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pump-rods  to  the  other  end.  The  beam  usually  works  on  a  fulcrum 
near  its  centre,  thus  causing  the  stroke  of  the  engine  to  be  somewhat 
longer  than  that  of  the  pumps,  and  the  flow  of  water  in  the  pipes  is 
therefore  less  than  the  speed  of  the  steam-piston,  in  order  to  lessen 
the  shock  of  the  water  in  the  pipes  on  the  sudden  closing  of  the 
valves  at  the  reversal  of  the  stroke.  In  the  working  of  the  engine 
steam  is  admitted  at  the  top  of  the  cylinder,  this  causing  the  piston 
to  make  its  down  stroke.  The  steam  is  then  cut  off  and  an  equi- 
librium valve  opened  by  means  of  a  tappet-rod,  which  allows  the 
steam  to  pass  to  the  under  side  of  the  piston,  thus  equalising  the 
pressure  and  causing  a  pause  in  the  movement.  The  weight  of  the 
rods  alone  is  sufficient  to  cause  the  down  stroke  and  force  the  water 
up.  The  steam  is  then  exhausted  into  the  condenser,  where  a 
vacuum  is  formed  by  the  air-pump.  This  process  is  repeated  at  each 
stroke.  The  engines  are  best  suited  for  slow  speeds  and  long  strokes. 
They  are  very  expensive  at  first,  but  once  set  up  they  give  little 
trouble,  require  little  repair,  and  give  a  high  efficiency. 

EJey^s  Engine. — This  engine  resembles  the  one  just  described,  but 
has,  in  addition  to  the  beam,  a  crank  and  fly-wheel  like  an  ordinary 
rotative  engine,  from  which  it  differs  however  in  that  the  valve  gear, 
instead  of  being  operated  from  the  crank  shaft,  is  a  latch  gear  as  in 
direct-acting  engines,  and  is  worked  by  a  tappet-rod  connected  to  a 
small  auxiliary  beam,  having  a  reduced  motion  coincident  with  that 
of  the  piston.  The  effect  of  this  is  that  the  crank  shaft  may  revolve 
in  either  direction  without  changing  the  function  of  the  valve  gear. 
These  engines  can  be  worked  at  very  slow  speeds,  down  to  one  stroke 
per  minute,  and  give  a  very  high  efficiency  in  working. 

A  good  type  of  pumping  engine  is  one  in  which  high  and  low 
pressure  cylinders  are  used.  The  connecting  rod  to  the  bell-cranks 
are  in  a  direct  line  and  form  a  continuation  of  the  piston-rod.  A 
back  piston-rod  works  a  fly-wheel  which  imparts  steady  motion  to  the 
engine.  This  class  of  engine  has  much  to  recommend  it  for  pumping 
purposes,  as  it  works  very  smoothly,  and  can  be  easily  regulated  to 
any  required  speed. 

Geared  pumjping-engines  are  very  largely  used  for  pumping  water 
at  collieries,  and,  as  has  already  been  pointed  out,  are  peculiarly  fitted 
for  such  work,  and  have  many  advantages  to  recommend  them. 
They  may  be  constructed  either  with  one,  two,  or  four  cylinders,  and 
may  be  condensing  and  compoimd.  The  gearing  can  be  altered  to 
suit  any  speed  and  any  size  of  pump.  This  easy  adaptability  to 
work  under  varying  conditions  makes  these  engines  very  suitable  for 
mining  and  gives  them  many  advantages  over  the  larger  types  of 
vertical  engines  (see  figs.  393,  394). 

An  engine  constructed  in  this  way  gives  a  high  efficiency,  and  a 
small  consumption  of  steam,  and  works  very  smoothly  at  almost  any 
reasonable  speed.  Figs.  393,  394  show  the  arrangement  of  a  geared 
engine  with  low  and  high  pressure  cylinders,  as  used  at  the  Priory 
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Colliery,  Blantyre,  where  the  water  has  to  be  raised  from  a  depth  of 
over  200  fathoms.  The  high  pressure  cylinder  is  20  in.  diameter, 
and  the  low  pressure  cylinder  34  in.  diameter,  with  5  ft.  stroke 
geared  to  about  2^  to  1.  The  cylinders  are  steam-jacketed,  and 
work  with  a  very  small  consumption  of  steam.  They  can  be  regu- 
lated to  any  speed,  as  low  as  IJ  strokes  being  attainable. 

At  Holm  Colliery,  Kilmarnock,  the  pumping  engine  is  constructed 
with  quadruple  cylinders,  two  high  pressure  and  two  low  pressure 
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ones  being  supplied.  The  high  pressure  cylinders  are  16|  in.  and 
15|  in.  diameter  respectively,  while  the  low  pressure  cylinders  are 
24|  in.  and  26  in.  diameter  respectively,  the  stroke  being  3^  ft.  and 
the  gearing  5  J  to  1.  The  water  is  raised  the  first  68  fathoms  by  two 
rams  15  in.  diameter  and  5  ft.  stroke,  the  lower  lift  of  13  fathoms 
being  two  buckets  10  in.  diameter  and  5  ft.  stroke.  The  speed  is 
5  strokes  per  minute,  and  the  water  raised  420  gallons  per  minute. 
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Direct-acting  Steam  Pumps  Underground, — Direct-acting  pumping 
engines  placed  underground  are  very  largely  superseding  surface 
engines  with  heavy  pump-rods  working  in  the  shaft.  The  greater 
simplicity  of  construction  and  cheapness  combined,  make  them 
desirable  for  pumping  purposes,  and  although,  as  a  rule,  they  require 
much  fuel,  this  is  compensated  for  in  other  ways. 

These  engines  are  nearly  always  double-acting,  and  are  directly 
coupled  to  the  pump.  They  may  also  be  made  to  work  geared, 
but  this  arrangement  is  not  so  much  employed  undergroimd  as  the 
direct  acting. 

Double-acting  pumps  have  generally  a  comparatively  short  stroke, 
with  very  much  smaller  masses  to  move  than  pumps  actuated  from 
the  surface  with  rods,  and  they  can  therefore  be  driven  at  much 
greater  speeds. 

The  higher  speeds  at  which  they  can  be  driven,  combined  with 
their  smaller  size,  are  the  main  features  which  commend  this  class  of 
pumps  for  use  underground.  Direct  driven  steam  pumps  are  now 
used  for  heads  of  water,  varying  in  height  from  200  to  1800  feet. 

Where  engines  are  placed  underground,  a  large  lodgment,  sufficient 
for,  at  least,  a  week's  water,  ought  to  be  provided,  to  give  time 
for  repairs  on  the  engine  should  they  be  necessary.  With  engines 
placed  underground,  the  following  are  some  of  the  main  advantages 
to  be  gained : — 

(1)  The  necessity  for  heavy  pump-rods,  which  are  expensive  at  first 

cost  and  for  upkeep,  is  done  away  with. 

(2)  As  no  pump-rods  are  required,  less  shaft  space  is  occupied. 

''3)  The  engines  can  be  worked  at  high  speeds,  as  there  are  no 
heavy  rods  to  put  in  motion  at  the  commencement  of  each 
stroke,  and  the  work  is  evenly  distributed. 

(4)  The  flow  of  water  being  continuous,  small  light  pipes  can  be 
used  in  the  shaft. 

On  the  other  hand,  there  are  the  following  disadvantages  to  be 
kept  in  view : — 

(1)  Steam  must  be  taken  underground  or  boilers  fitted  up  in  the 

workings,  both  of  which  methods  are  more  or  less  objection- 
able ;  especially  the  latter. 

(2)  The  engine  is  liable  to  be  lost  by  a  sudden  inflow  of  water 

(the  same,  however,  may  be  said  of  any  other  type  of  pump 
operated  from  the  surface). 

(3)  Loss  of  steam  by  condensation  and  difficulty  of  dealing  with 

the  exhaust  steam. 

(4)  Increase  in  temperature  of  air  if  placed  near  the  intake,  and 

consequently   injurious   eftects   from   the  moisture  to  the 
roof  and  timber  of  roadways. 

(5)  The  use  of  steam  in  confined  places  is  attended  with  danger. 
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There  are  so  many  steam  pumps  in  the  market,  all  equally  suitable 
for  undergroimd  work,  that  it  is  difficult  to  select  any  particular 
make  for  detailed  description.  The  general  principle  of  a  double- 
acting  steam  pump  will  be  seen  from  fig.  395,  in  which  the  steam 
cylinder  is  connected  direct  to,  and  is  in  line  with,  the  double-acting 
piston  pump,  provided  with  an  air  vessel  on  tjie  delivery  column. 

Reidler's  Pump, — The  main  feature  in  this  pump  is  that  the 
valves  are  aided  in  their  movements  by  mechanical  means,  and  so 
nearly  perfect  action  is  secured.  The  valves  are  constructed  so  as 
to  open  freely  without  any  mechanical  aid,  but  a  littte  before  the 
time  when  they  should  close  entirely,  and  when  the  velocity  of  the 
water  is  considerably  reduced,  so  that  a  partial  closing  will  offer 
no  appreciable  obstruction,  a  lever  or  rod  operated  by  valve  gear 
from  the  crank-shaft  moves  forward  and  closes  the  valve ;  the  arm 


Double-acting  Steam  Pump. 


then  recedes  and  removes  the  pressure  from  the  valves  before 
the  time  for  opening  arrives.  The  valve  gear  is  constructed  in 
various  ways,  and  may  be  operated  by  levers,  cams,  or  eccentrics. 
Fig.  396  shows  the  main  outlines  of  the  pmnp.  These  piunps  are 
driven  direct,  and  although  they  cannot  be  driven  at  such  high 
speeds  as  some  other  types  of  steam  pumps,  they  can  be  worked  very 
successfully  for  very  high  lifts  up  to  2000  ft.,  and  pump  600  to  800 
gallons  of  water  per  minute. 

Davefifs  Differential  Engine. — This  engine  is  also  largely  used  for 
pumping  purposes.  The  main  requirements  to  be  satisfied  in  a  good 
pimiping-engine  are  economy  in  consumption  of  fuel,  safety  in 
working,  and  immunity  from  stoppages. 

The  distribution  of  steam  should  be  effected  in  such  a  way  as  to 
cause  no  shock  or  slip  in  the  pumps  ;  and  in  the  event  of  a  sudden 
casing  of  the  load,  the  engine  should  be  safe ;  in  short,  it  should  be 
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self-governing  under  extreme  variations  of  conditions.  To  secure 
this,  the  Davey  Differential  Valve  Gear,  which  admits  steam  to  the 
engine  in  proportion  to  the  resistance  to  be  overcome,  and,  in  case 
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of  a  sudden  total  loss  of  load,  reverses  the  steam  to  catch  the  piston, 
was  designed. 
The  action  of  the  gear  will  be  understood  from  fig.  397. 
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The  main  slide  valve  G  is  actuated  by  the  piston-rod  through  a 
lever  H  working  on  a  fixed  centre,  which  reduces  the  motion  to  the 
required  extent  and  reverses  its  direction.  The  valve  spindle  is  not 
coupled  direct  to  this  lever  H,  but  to  an  intermediate  one  L,  which 
is  jointed  to  the  first  lever  at  one  end  j  the  other  end  M  is  jointed 
to  the  piston-rod  of  a  small  subsidiary  steam  cylinder  J,  which  has 
a  motion  independent  of  the  engine  cylinder;  the  slide  valve  I 
being  actuated  by  a  third  lever  N,  coupled  at  one  end  to  the 
intermediate  lever  L,  and  moving  at  a  fixed  centre  P  at  the 
other  end. 

The  motion  of  the  piston  in  the  subsidiary  cylinder  J  is  con- 
trolled by  a  cataract  cylinder  K  on  the  same  piston-rod,  by  which 
the  motion  of  this  piston  is  made  uniform  throughout  the  stroke, 
and  the  regulating  plug  Q  can  be  adjusted  to  give  any  desired  time 
for  the  stroke.  The  intermediate  lever  L  has  not  any  fixed  centre 
of  motion,  its  outer  end  M  being  jointed  to  the  piston-rod  of  the 
subsidiary  cylinder  J ;  the  main  valve  a  consequently  receives  a 
differential  motion  compounded  of  the  se])arate  motions  given  to  the 
two  ends  of  the  lever  c.  Thus  the  cut-off  can  be  suited  to  different 
loads  which  may  be  on  the  engine. 

Pumps  f 07'  Dip  Workings. — Water  often  requires  to  be  raised  from 
dip  workings,  and  this  is  usually  accomplished  by  pumps  of  the 
Worthington  or  Tangye  type,  working  with  either  steam  or  com- 
pressed air,  or  pinnps  are  sometimes  arranged  to  work  with  a  rope 
driven  off  the  haulage  rope.  Unless  the  quantity  of  water  to  be 
raised  can  be  dealt  with  during  working  hours,  the  latter  arrange- 
ment is  not,  however,  to  be  recommended,  as  it  would  entail  much 
extra  wear  and  expense  to  keep  the  haulage  rope  going  in  order  to 
work  the  pump.  Dook  pumps  are  also  worked  sometimes  from  a 
rope  connected  to  the  pump-rods  in  the  shaft,  with  a  back  balance 
to  take  back  the  slack  rope.  Steam  or  compressed  air  pumps  are 
also  used  for  raising  water  from  dip  workings. 

Eeidler  Differential  Puinix — A  differential  pump  is  practically  a 
double-acting  pump  with  only  two  valves.  By  an  arrangement  of 
the  parts,  an  equal  amount  of  work  can  be  done  on  each  side  of  the 
steam  piston  during  one  revolution.  In  a  double-acting  pump  four 
valves  are  required,  viz.,  one  suction  and  one  discharge  valve  for 
each  end  of  the  double-acting  plunger.  A  differential  pump  has  the 
advantage  of  always  being  primed,  as  will  be  seen  by  referring  to 
fig.  398,  where  the  column  pipe  D,  the  discharge  space  C,  and  the 
differential  plunger  chamber  are  always  in  connection.  Thus  the 
total  pressure  due  to  the  water  column  is  always  on  the  differential 
plunger  H.  In  other  words,  as  long  as  there  is  water  in  the  pipe, 
the  pumping  engine  will  always  have  resistance  to  overcome,  even 
should  suction  be  deficient.  The  arrangement,  therefore,  prevents 
undue  severe  hydraulic  stresses  on  the  different  parts. 

As  it  has  only  half  the  number  of  valves,  this  form  of  pump  is 
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simpler  than  the  double-acting  pump,  and  is  used,  in  all  cases,  until 
the  capacity  becomes  too  great,  so  that  the  valves  are  cumbersome. 
When  this  condition  obtains,   it   is  better  to  use  a  double-acting 
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pump  instead,  which  would  be  half  the  size  of  a  differential  pump 
of  the  same  capacity. 

In  working,  the  water  enters  the  suction  pipe  A,  passes  into  the 
suction  air  chamber,  and  thence  into  the  suction  funnel  B.  When 
the  main  plunger  J  moves  towards  the  steam  cylinder,  it  draws  in 
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its  displacement  of  water  througb  the  suction  valve  E,  and  on  its 
return  stroke,  the  suction  valve  having  been  mechanically  closed,  it 
forces  a  volume  of  water  equal  to  its  own  bulk  through  the  discharge 
valve  F,  half  of  this  water  passing  out  into  the  main  pipe  D,  the 
other  half  passing  down  and  following  the  differential  plunger  H. 
The  discharge  valve  F  being  now  closed,  the  main  and  differential 
plungers,  which  are  connected  by  means  of  side  rods,  again  move 
towards  the  engine,  the  main  plunger  drawing  the  water  through 
the  suction  valve  as  before  (E),  the  differential  plunger  thus  dis- 
placing a  body  of  water  equal  in  bulk  to  its  displacement,  and  forcing 
it  through  the  discharge  pipe  C  into  the  main  D. 

The  cross  sectional  areas  of  the  main  and  differential  plungers  are 
generally  made  in  the  proportion  of  about  two  to  one,  so  as  to 
equalize  the  work  done,  as  is  the  case  in  a  double-acting  pump.  The 
rods  G  are  the  side  rods  connecting  the  cross-heads  of  the  main  and 
differential  plungers,  these  rods  being  always  in  tension.  In  front 
of  C,  and  connecting  to  the  main  pipe  D,  is  a  clack  valve  (shown 
open).  The  valve  is  for  the  purpose  of  preventing  the  water  in  the 
pipe  from  running  out  when  it  is  desired  to  remove  the  valves  or 
examine  the  interior  parts  of  the  pump.  This  valve  is  kept  open 
when  the  pump  is  working,  but  can  be  shut  when  required  by  means 
of  levers  on  the  outside  of  the  clack  chamber. 

Moore^s  Hydraulic  Pump, — In  this  pump  no  rods  are  used,  two 
columns  of  water  being  substituted  for  the  ordinary  solid  rods  connect- 
ing the  steam  engine  to  the  pump.  The  action  of  the  pump  will  be 
understood  from  fig.  399.  On  the  surface  is  a  cylinder  AB,  in 
which  travels  a  piston  P,  driven  by  the  tumbling  crank  of  a  steam 
engine.  Underground  there  is  another  cylinder  C  D,  exactly  similar 
to  the  first.  The  piston  Q,  which  travels  in  it,  is  connected  to  an 
ordinary  double-acting  pump.  There  are  pipes  F  from  the  ends  A  of 
the  first  cylinder  A  B  to  the  end  D  of  the  second  C  D,  and  another  E 
from  the  end  B  to  the  end  C.  The  pipes  and  the  cylinders  are  both 
kept  full  of  water.  When  the  surface  piston  makes  its  first  stroke, 
the  water  is  forced  out  of  one  end  of  the  cylinder,  through  the  pipe 
to  the  corresponding  end  of  the  cylinder  underground,  and  the  piston 
is  then  driven  back  from  C  to  D.  When  the  stroke  on  the  surface 
is  reversed  the  piston  underground  is  forced  in  the  opposite  direction, 
and  the  motion  is  thus  transferred  from  the  engine  on  the  surface  to 
the  pump  underground,  in  the  same  way  as  would  have  been  done 
had  there  been  two  rods  instead  of  two  columns  of  water.  Should 
there  be  any  leakage  in  one  of  these  pipes,  the  plunger  at  the  bottom 
would  make  a  shorter  stroke  in  the  one  direction  than  in  the  other, 
and  would  work  towards  the  end,  and  unless  there  was  some  regulator, 
would  knock  the  end  of  the  pump  off.  This  is  obviated  by  having 
valves  worked  by  tappets,  set  at  such  a  distance  that,  when  the  stroke 
is  completed,  they  are  opened,  and  the  water  allowed  to  pass  from 
one  pipe  to  the  other,  thus  adjusting  the  stroke  of  the  rams. 
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Curves  based  on  the  work  done  by  one  of  these  pumps,  10  in.  dia- 
meter, showed  an  efficiency  of  66*26  per  cent.  The  energy  lost  in 
the  friction  of  the  engine  gearing  and  surface  power  rams  was  10'24 
per  cent. ;  in  transmitting  the  power  through  the  pipes  14*36  per 
cent.,  and  in  the  friction  of  the  imderground  rams,  9*12  per  cent. 
These  figures  compare  favourably  with  the  efficiency  of  pumps 
operated  by  electricity  or  compressed  air. 


G    H 

Fig.  399.— Moore's  Hydraulic  Pump. 

This  hydraulic  pump  can  work  with  a  column  of  water  of  150 
fathoms  or  less,  but  more  satisfactory  results  are  got  when  the 
column  is  between  40  to  80  fathoms.  When  it  is  too  great,  much 
trouble  may  ensue,  and  the  pipe  joints  become  very  difficult  to  keep 
tight,  while  the  pipes  themselves  are  apt  to  burst,  especially  at  bends. 
Again,  at  long  distances  (say  over  a  mile  imderground),  these  pumps 
do  not  work  satisfactorily,  and  in  such  cases  it  is  better  to  employ 
either  electricity  or  compressed  air  as  a  motive  force. 
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Pulsometer  Pump. — The  Pulsometer  is  very  largely  used  for 
pumping  water  under  various  conditions,  particularly  when  the  lift  is 
small.  It  will  work  best,  and  give  the  greatest  efficiency  when  the 
height  to  which  the  water  is  to  be  raised  is  between  30  and  50  ft. 
It  is  very  suitable  for  drainage  of  dip  workings,  or  sinking  shafts,  or 
for  raising  water  from  settling  ponds  to  coal- washing  machines,  as  it 
can  work  fairly  well  with  dirty  or  gritty  water.  The  pulsometer  is 
entirely  different  in  construction  from  an  ordinary  steam  pump,  inas- 
much as  it  has  no  steam  cylinder,  piston,  piston  rod,  or  bucket.  Its 
construction  may  be  understood  from  the  accompanying  illustration 
in  fig.  400. 

The  body  consists  of  a  casting  shaped  somewhat  like  a  pear,  and 
divided  into  two  chambers  A  A  joined  side  by  side,  and  with  tapering 
necks  bent  towards  each  other,  surmounted  by  another  casting  called 
the  neck  J,  accurately  fitted  and  bolted  to  it,  in  which  the  two 
passages  terminate  in  a  common  chamber,  wherein  is  fitted  the  ball- 
valve  I,  which  can  oscillate  between  seats  formed  at  the  junction  of 
the  neck.  Downwards,  the  chambers  A  A  are  connected  with  the 
suction  passage  C,  wherein  the  inlet  or  suction  valves  EE  are 
arranged.  A  discharge  chamber,  common  to  both  chambers,  and 
leading  to  the  discharge  pipe,  is  also  provided,  and  this  also  contains 
one  or  two  valves  F  F,  according  to  the  purpose  for  which  the  pump 
is  required.  The  air-chamber  B  communicates  with  the  suction. 
The  suction  and  discharge  chambers  are  closed  by  covers  HH, 
accurately  fitted  to  the  outlets.  These  can  be  readily  removed  when 
access  to  the  valves  is  required. 

Starting  tlie  Pulsometer. — To  set  it  at  work,  the  pump  is  filled  with 
water,  either  by  pouring  water  through  the  plug-hole  in  the  chamber 
or  by  drawing  the  discharge.  Steam  being  admitted  through  the 
pipe  K,  by  opening  the  stop-valve  to  a  small  extent  it  passes  down 
that  side  of  the  neck  which  is  left  open  to  it  by  the  position  of  the 
ball,  and  presses  upon  the  small  surface  of  water  in  the  chamber 
which  is  exposed  to  it,  depressing  it  without  agitation,  and  con- 
sequently with  very  little  condensation,  and  driving  it  through  the 
discharge  opening  and  valve  into  the  rising  main. 

The  moment  that  the  level  of  the  water  is  low  enough  to  uncover 
the  horizontal  orifice  which  leads  to  the  discharge,  the  steam  blows 
through  with  a  certain  amount  of  violence,  and  being  brought  into 
intimate  contact  with  the  water  in  the  pipes  leading  to  the  discharge 
chamber,  instantaneous  condensation  takes  place,  and  a  vacuum  is  in 
consequence  so  rapidly  formed  in  the  newly  emptied  chamber  that 
the  steam  ball  is  pulled  over  into  the  seat  opposite  to  that  which  it 
occupied  during  the  emptying  of  the  chamber,  closing  its  upper  orifice 
and  preventing  the  further  admission  of  steam,  and  making  the 
vacuum  completed  until  water  rushes  in,  as  it  does  immediately 
through  the  suction  pipe,  lifting  the  inlet  valve  E  and  ranidly  filling 
the  chamber  A  again. 
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The  condition  of  things  is  now  exactly  in  the  same  state  in  the 
second  chamber  as  it  was  in  the  first,  and  similar  effects  are  therefore 
obtained. 

Small  air-cocks  are  screwed  into  the  cylinders  and  air-chambers, 
to  prevent  the  too  rapid  filling  of  the  chambers  on  low  lifts.     While 


Fig.  400. — Pulsometer  Pump. 

the  pulsometer  is  admittedly  a  handy  and  useful  pump  under  various 
couditions,  it  has  the  drawback  that  it  consumes  a  large  amount  of 
steam  for  the  work  done,  compared  with  direct-acting  steam  pumps. 
For  instance,  a  pulsometer  raising  100  gallons  of  water  per  minute, 
to  a  height  of  only  26*25  ft.,  required  29-7  lbs.  of  coal  per  H.P.  per 
hour,  which  is  a  very  large  consumption,  considering  the  conditions. 
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A  good  deal  of  diflBculty  is  also  sometimes  experienced  with  the  steam 
ball  valve  getting  worn  flat  in  some  places  and  sticking. 

Centrifugal  Pumps. — Centrifugal  pumps  have  been  long  used  as 
blowers  for  air  in  forges  and  furnaces,  and  are  now  largely  used  for  rais- 
ing water  to  moderate  elevations.  They  are  particularly  wel  adapted 
for  disposing  of  dirty  gritty 
water,  such  as  the  discharge 
water  from  coal  -  washing 
machines,  or  where  the  water 
from  machines  has  to  be  used 
over  again,  providing  the  height 
be  not  too  great.  They  will 
work  under  such  conditions 
much  more  efficiently  than  pulso- 
meters.  The  construction  of 
the  pump  will  be  understood 
from  flg.  401.  Inside  a  flat 
casing  a  of  approximately  circu- 
lar outline  are  the  paddles  or 
blades  h,  which  extend  from  near 
the  centre  outwards  to  the  cir- 
cumference, and  are  usually 
curved  backwards.  The  water 
between  the  blades  tends,  in 
virtue  of  the  centrifugal  force, 
to  move  outwards,  and  is  allowed 
to  pass  ofi"  through  a  large  dis- 
charge orifice  tangential  to  the 
circle  described  by  the  paddles. 
The  height  to  which  water  can 
be  raised,  if  there  is  no  loss,  by 
centrifugal  pumps,  may  be  ex- 


pressed by  the  formula  h=- 


Fio.  401.— Ccutrifugal  Pump. 


in  practice,  however,  h  is  only  equal  to  about  |-^.     The  velocity  of 

the  blades  is  usually  taken  at  N  =  10  JK 

Centrifugal  pumps,  to  work  well,  must  have  a  very  short  suction 
pipe,  or  what  is  better,  have  the  water  flowing  into  them,  or  be 
submerged  altogether  in  the  water  to  be  raised. 

If  not  submerged,  they  ought  to  be  primed  with  water  before 
being  started,  otherwise,  in  driving  the  air  out  of  them,  they  simply 
act  as  a  blower.  This  class  of  pump  is  best  suited  for  lifts  of  20  ft. 
or  so,  but  it  is  capable  of  working  up  to  100  ft.  or  even  more. 

Sinking  Pump. — During  sinking  operations  an  arrangement  of 
pumps  is  required  difl'ering  from  that  in  use  under  ordinary  circum- 
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stances.  A  common  arrangement  in  sinking  is  a  'sliding  suction' 
pump  working  through  a  *  packing  gland.'  It  may  be  lowered  as 
the  sinking  proceeds.  A  short  joining  piece  is  used  between  the 
sliding  suction  and  the  working  barrel,  this  short  piece  being  made 
of  weaker  metal  than  the  other  parte,  so  that  in  case  of  a  side 
stroke  from  a  shot  it  may  give  way,  without  injuring  the  more  ex- 
pensive parts.  The  method  of  operating  is  usually  to  fix  all  the  pipes 
above  the  working  barrel  with  collaring,  and  to  allow  the  working 
barrel  and  sliding  piece  to  be  lowered  as  sinking  proceeds.  The 
sliding  piece  is  generally  made  the  length  of  one  of  the  pipes,  so  that 
when  it  has  been  let  out  this  distance,  the  column  is  *  cut '  above 
the  working  barrel  and  another  length  added,  when  the  pumping  may 
proceed  as  before.  The  objection  to  this  method  is,  that  the  pipe 
column  requires  to  be  cut  at  intervals,  say  9  ft.,  as  the  sinking  pro- 
ceeds ;  but  if  the  pumps  are  not  large  it  works  very  satisfactorily 
For  light  pumps  a  strong  flexible  hose  may  be  used  instead  of  the 
sliding  suction.  The  pump  rods  are  usually  longer  than  the  column  of 
pipes,  and  short  pieces  are  used  as  lengthening  parts,  or  an  arrange- 
ment with  a  gland  fixed  to  the  bell-crank,  and  the  rods  clamped  to 
it,  is  used.  This  is  more  satisfactory,  as  the  rods  can  then  be  put  in 
the  full  length  and  lengthened  as  sinking  proceeds. 

The  second  method  of  employing  a  sinking  pmnp  is  to  lower  the 
whole  column,  either  with  iron  rods  and  screws,  or  by  ropes  worked 
from  a  steam  winch  at  the  surface,  as  the  work  proceeds.  A  combin- 
ation of  both  of  these  methods  is  possibly  the  best  and  safest.  Fig. 
402  shows  the  arrangement  of  lowering  a  sinking  set  with  ropes  and 
ground  spears.  The  pipe  column  a  is  fixed  rigidly  to  the  suction 
piece  h,  and  between  the  suction  piece  and  the  clack  piece  a  short 
pipe  h  is  inserted,  having  extra  broad  and  strong  flanges.  Im- 
mediately below  the  flanges,  two  strong  iron  glands  c  c  are  fixed  and 
connected  to  the  ' ground  spears  ^  dd',  at  the  top  of  these  spears  are 
two  sheaves  e  e,  connected  to  the  spears  with  strapping  plates.  At 
the  surface  two  similar  sheaves  //  are  fixed,  round  which  the  ropes 
gg  work.  They  are  operated  by  a  steam  winch  at  the  smface,  so 
that  the  whole  lift  can  be  lowered  as  sinking  proceeds,  and  fresh  pipes 
added  at  the  top  as  required.  The  spears  may  be  made  of  sections 
of  pitch  pine  4  in.  to  8  in.  square,  according  to  the  size  of  lift,  or 
they  may  be  of  wrought-iron  2  in.  to  4  in.  diameter.  They  ought 
to  be  well  strengthened  at  frequent  intervals  with  cross  glands. 

A  third  arrangement  is  to  raise  the  water,  while  sinking  proceeds,  by 
means  of  a  steam  pump  slung  in  the  shaft,  and  connected  to  lowering 
screws  of  wrought-iron  which  work  through  beams  at  the  surface, 
with  a  large  nut  operated  by  spanners.  As  an  additional  precaution,  a 
strong  rope,  operated  by  a  steam  winch  at  the  surface,  should  also  be 
connected  to  the  pump,  it  being  likewise  useful  for  lowering  the  pump 
or  other  parts  when  pieces  are  being  added  to  the  screws.  This 
method  of  pumping  has  much  to  commend  it,  as  it  does  away  with 
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the  necessity  for  using  pump  rods  and  bell-cranks.  The  only  difficulty 
is  that  a  good  deal  of  space  is  required  if  the  quantity  of  water  to  be 
dealt  with  is  large,  as  the  engine  has  to  be  correspondingly  large. 
Good  strong  tackle  must  be  used,  as  the  weight  of  pump  and  connec- 
tions alone  often  amounts  to  between  12  and  18  tons.  In  this  method 
the  whole  contrivance  may  be  lowered  as  sinking  proceeds,  or  the 
pipes  may  be  fixed  and  the  pump  lowered 
alone,  the  pipes  immediately  above  it  being 
cut  as  required.  This  latter  method  is 
probably  the  safest  and  best  in  most  cases. 
The  usual  method  of  arranging  the  pumps 
in  the  shaft  is  to  make  the  sinking  or 
bottom  lift  a  bucket  lift,  until  a  point  has 
been  reached  where  it  is  proposed  to  put 
in  a  permanent  lift.  A  plunger  lift  may 
then  be  put  in,  and  the  sinking  can  proceed 
as  before,  with  the  bucket  set.  In  some 
instances  plunger  pumps  are  used  until  the 
lowest  part  of  the  sinking  is  reached,  when 
a  bucket  lift  is  substituted  with  which  to 
complete  the  sinking.  The  great  advantage 
of  the  bucket  lift  is  that,  as  has  been  seen, 
it  requires  very  little  space  in  the  shaft,  as 
the  rods  work  inside  the  pipes. 

Air  Vessels. — Every  pump  in  which  the 
plunger  or  bucket  moves  at  a  greater  speed 
than  40  ft.  per  minute,  and  in  which  the 
area  of  the  pipes  is  not  larger  than  that 
of  the  plunger  or  bucket,  will  work  better 
and  more  smoothly  with  an  air-vessel  than 
without  one.  The  primary  object  of  an 
air-vessel  is  to  reduce  the  shocks  that  are 
liable  to  occur  inside  the  pumps  and  pipes, 
especially  with  plunger  pumps,  and  thereby 
equalize  the  pressure  necessary  to  force  the 
water  up  the  delivery  pipes.  When  an  air- 
vessel  is  connected  with  the  pumps,  a 
greater  velocity  can  be  obtained,  either 
with  plunger  or  bucket,  with  the  same 
degree  of  safety,  thereby  increasing  the  capacity  of  the  pumps. 

The  benefits  to  be  derived  from  air-vessels  on  pumps  are  much 
questioned  by  many  engineers,  some  averring  that  they  are  of  no 
service,  or  that  the  pump  does  better  without  them.  If  the  air- 
vessel  be  badly  placed,  or  badly  attended  to,  in  not  being  charged 
properly,  its  presence  will  doubtless  be  a  hindrance  to  the  efficient 
working  of  the  pump.  The  nearer  the  air-vessel  is  to  the  casing  or 
barrel  the  better.     If  only  one  is  used  it  should  be  placed  imme- 


FiG.  402.— Sinking  Pump 
with  Lowering  Gear. 
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diately  above  the  discharge  clack  on  the  delivery  side.  In  slow 
moving  pumps,  air-vessels  are  not  actually  required.  To  get  the 
maximum  benefit  from  air-vessels  they  must  be  well  looked  after 
and  kept  constantly  charged  with  air.  In  one  of  the  best  forms  of 
air-vessel  for  a  vertical  column  of  pipes,  the  rising  column  is 
enlarged  and  an  inside  pipe  is  brought  down  near  to  the  bottom  of 
the  chamber.  Immediately  below  this  pipe  is  fixed  a  cup,  which 
tends  to  divert  all  the  particles  of  air  flowing  with  the  water  into 
the  chamber. 

To  charge  the  air-chamber,  the  tank  is  connected  to  the  rising 
column  by  a  sipall  pipe  with  a  tap  to  it.  At  the  other  end  of  the 
tank  are  two  small  pipes  for  ingress  and  egress.  The  tank  is  first 
filled  with  water  by  opening  the  tap,  and  keeping  the  other  pipes 
closed.  When  it  is  filled,  the  tap  is  closed^  and  the  pipes  opened, 
when  the  water  i-ushes  out  at  and  air  enters  by  the  pipe  and  rises 
from  the  tank  into  the  air-chamber. 

An  important  point  in  connection  with  air-vessels  is  to  secure 
their  being  of  sufficient  area.  The  area  of  air-vessels  should  be  4 
to  6  times  the  area  of  the  working  barrel,  according  to  the  speed  of 
piunp. 

The  capacity  of  air-chamber  necessary  will  depend  upon  the  type 
of  pump  used,  single-acting  pumps  requiring  much  larger  chambers 
than  double-acting  ones.  Chambers  made  of  cast-iron  should  be 
well  tested  for  tightness  under  full  pressure ;  they  ought  also  to  be 
provided  with  pressure  gauge  glasses  to  show  the  water  level,  or, 
if  the  pressures  are  high,  a  series  of  *try'  cocks  should  be  fixed, 
for  the  purpose  of  ascertaining  the  position  of  the  air  in  the  chamber. 

*Duty '  of  Pumping  Engines. — The  duty  or  efficiency  of  a  pump- 
ing engine  is  measured  by  the  number  of  foot-pounds  of  work  per- 
formed per  cwt.  of  coal  consumed.  It  varies  greatly  with  the  type 
of  engine  and  the  circumstances  imder  which  it  works. 

The  duty  of  pumping  engines  was  first  recorded  in  Cornwall  by 
Watt  in  connection  with  engines  which  he  erected  at  some  of  the 
mines  there.  Naturally,  in  such  a  district,  where  the  price  of  fuel  is 
high,  there  would  be  a  desire  to  get  the  largest  amount  of  work 
possible  for  a  given  coal  consumption.  The  highest  efficiency  ever 
obtained  was  from  a  Cornish  pumping  engine  which  gave  146  million 
foot-pounds  per  cwt.  of  coal  burned.  After  allowing  for  friction,  this 
corresponds  to  a  consumption  of  1*21  lbs.  of  coal  per  hour  per 
indicated  horse  power,  which  is  very  high  efficiency  indeed,  as, 
with  ordinary  colliery  pumping  engines,  it  is  not  unusual  to  find  a 
consumption  of  10  to  15  lbs.  of  coal  per  horse  power  per  hour,  and 
in  some  types  of  engines  a  great  deal  more.  The  *  duty,'  as  defined 
above,  includes  the  efficiency  of  the  boilers  and  engine,  and  depends 
a  good  deal  on  the  quality  of  the  fuel  burned. 

A  fair  comparison  of  pumping  engines  may  be  made,  and  the 
efficiency  ascertained  by  testing  the  consumption  of  coal  of  average 
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quality  in  raising  the  steam  required,  and  may  be  calculated  from  the 
formula : 

_{Rx{cP)x2'0i5  xNxL) 


U  =  ' 


W 


Where  H  is  the  height  of  lift  of  pump  in  fathoms ;  d  the  diameter  of  pumps 
in  inches  ;  L  the  length  of  stroke  ;  N  the  number  of  strokes  in  one  month ;  W 
the  weight  of  water  in  lbs.  ;  U  the  units  of  work  per  lb.  of  steam  (duty). 

The  test  to  ascertain  the  efficiency  is  generally  made  when  the 
ordinary  work  of  the  mine  is  suspended. 

The  table  gives  the  result  of  the  *duty'  performed  by  various 
pumping  engines  from  actual  tests  made  by  Mr  Dugald  Baird  on  the 
foregoing  basis.* 

nuM  nt  FntriiiA  Position  of  Diameter  of        Length  of        ]?/?i?f       Tk,,fv 

Class  of  Engine.  ^^^^^  CyUnderiniu.         Stroke.  |5[^*J*       ^''*y- 

a.  Bull  Surface  100  12  ft.  300       50,265,312 

b.  Davey  diflferential       Underground  36  4  „  300       41,360,000 

c.  Davey  differential-  Surface  /■33-in.H.P.C.\    /  9  ,,  \  o^a       «o  TnK  qoa 

compound  \52  „  L.P.C.  /    \12  i.  /         ^00       69,705,890 

d.  Duplex  differential  Underground  22  2  „  30O  41,360,000 
«.  Compound  BuU                     „              I!!  "  ?Pr  I      12  „  168       36,827,200 


^'       differeuti^r^  -  "( SI  I,' a^a  |       7„2iin.  ..      100,800.000 

a,  b  and  d,  Leven  Colliery ;  c  and/,  Davey 's ;  e,  Wellsgreen. 

Mr  Henry  Davey  states  that  the  greatest  efficiency  of  double- 
acting  rotative  pumping  engines  does  not  exceed  30  to  40  million 
foot-lbs.  per  cwt.  of  coal  burned. 

Arrangement  of  Pumps. — As  already  stated,  it  is  usual  to  make 
the  bottom  lift  in  the  shaft  a  bucket  pump,  and  the  other  lifts 
forcing  or  plunger  sets,  which  arrangement  is  found  to  work  satis- 
factorily in  most  cases. 

Many,  however,  prefer  to  have  all  the  lifts  as  forcing  sets,  especially 
if  there  is  no  likelihood  of  the  lower  lift  being  flooded  by  a  sudden 
inflow.  Where  pumps  are  operated  with  rods  in  the  shaft,  it  is 
almost  an  invariable  custom  at  coal  mines  to  work  the  rods  with  a 
pair  of  bell-cranks,  unless  they  are  worked  by  a  direct  acting  engine, 
such  as  a  Bull  engine.  By  using  double  bell-cranks  the  power  is 
more  evenly  distributed,  and  where  a  number  of  lifts  have  to  be 
operated,  fewer  offsets  are  required  than  if  the  pumps  were  all 
worked  off  a  single  bell- crank.  Figs.  404,  405  show  front  and  side 
elevations  of  a  good  arrangement  for  working  two  or  more  lifts  by  a 
pair  of  bell-cranks.  The  features  which  commend  this  arrangement 
are  that  the  pump  is  a  double-acting  one,  and  that  there  are  two 
distinct  sets  of  rods  carried  down  from  the  surface,  the  lower  lift  in 
each  case  being  worked  by  a  cross-head  on  the  rods  of  the  lift  above. 

When  the  sets  are  large,  i.e.  above  20  in.  diameter,  it  is  often  a 
difficult  matter  to  fix  on  a  suitable  arrangement  to  occupy  as  little 
space  as  possible.  Figs.  403,  404,  405  show  a  plan,  elevation,  and 
*  Trans,  Fed,  Inst,  Min,  Eag.^  vol.  xi.  p.  100. 
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side  elevation,  respectively,  of  a  very  compact  arrangement  for  a 
double   plunger  set  of  24   in.  diameter,  with  one  central  delivery 


Elevation* 


Side  Elevation. 


Plan. 

Figs.  403,  404,  405.— Double  Plunger  Pump. 

column  common  to  both  pumps.  In  this  disposition  of  the  pumps 
as  little  space  as  possible  is  taken  up,  and  it  is  in  every  way 
convenient.    The  foundations  for  the   pumps  are  generally  strong 
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beams  of  timber  built  into  the  shaft,  or  wrought-iron  or  steel  girders, 
the  latter  being  much  to  be  preferred,  as  they  give  the  maximum  of 
strength  within  a  minimum  of  space,  and  are  less  liable  to  decay 
than  timber  supports. 

A  few  worked-out  examples,  such  as  are  often  set  at  examinations, 
are  given  below,  in  the  hope  that  they  may  prove  useful. 

Question, — How  many  strokes  per  minute  can  be  made  by  the 
piston  of  a  pump  whose  area  is  2  sq.  ft.,  length  of  stroke  5  ft.,  and 
the  height  to  which  the  water  is  raised  60  fathoms,  driven  by  an 
engine  of  eighty  horse-power  1 

H. P.  X 33000  =  AxLx62'5xdxx. 

When  H.P.  =  horse  power,  A  =  area  of  pump  in  sq.  ft.,  L  =  length  of  stroke  in 
ft.,  62 '5= number  of  Ids.  in  1  cub.  ft.  of  water,  rf= height  in  ft.  water  is  raised, 
35= the  number  of  strokes  required  per  minute. 

.'.  80x33000  =  2x5x62-5x360xaj 

after  cancelUng  880  =  76  a;    .\x=^:=U -86. 

75 

Question, — At  what  rate  will  it  be  necessary  to  work  a  pump  12 
in.  diameter,  with  4J  ft.  stroke  to  deal  with  200  gallons  of  water  per 
minute  in  a  shaft  200  yards  deep,  and  what  is  the  approximate 
horse  power  required  1 

Using^the  same  letters  as  above,  and  G= gallons  of  water  per  minute,  and  D= 
diameter  of  pump  in  inches,  6 '25  =  number  of  gallons  in  1  cub.  ft. 
Allowing  10  per  cent,  of  loss  for  slip,  G= 200 +  20  =  220. 

.  r.     6-25  xD^x -7854x1x2;  i     i  ,..  x      -      ^^p  ^        G-25x-7854 

.'.  G= -^ tL-T^  or  calculatiou  can  be  simplified,  as  -—^rrr — - 

114  144 

=  •034  .-.  G  =  D2x-034xLxa; 
220  =  122  X  -034  X  4-5  X  a; 
220  =  22  03  X 

2*^0 
,•.  35=—^  =9*16  strokes  per  minute. 

As  1  gallon  of  water  is  equal  to  10  lbs.  .  •.  H.  P.  x  3300  =  220  x  10  x  200  x  3 

«.  u  p      220  X  10  X  200  X  3     .^ 

or  il.  r .  = ,^^^^ =  40 

33000 

Question, — A  hydraulic  pump  having  an  8-in.  diameter  plunger  is 
wrought  by  means  of  a  head  of  water  brought  from  the  surface  in 
pipes  2  in.  diameter.  Find  the  total  pressure  on  plunger  and  weight 
of  water  in  pipes,  if  the  depth  of  the  shaft  is  360  ft. 

T>              -11.                  •      J      i.    1      1     r       ^        rfx  12x62*5              12x62*5 
Pressure  in  lbs.  per  sq.  m.  due  to  head  of  water = ^^ —  or  as  — 

=  •434  .'.  pressure  in  lbs.  per  sq.  in.  due  to  head  of  water  =  c?x  '434  =  360  x  '434 
=  156*24  lbs. 

Total  pressure  on  plunger  =  area  of  plunger  in  sq.  in.  x  pressure  in  lbs.  per  sq.  in. 
=  82  x -7854x156*24  =  7852 -62  lbs. 


weight  01  water  in  pipes      |  =490-51  ibl     ' 


7854 
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Question, — What  number  of  gallons  and  cubic  feet  of  water  that 
can  be  pumped  per  hour  from  a  pit  600  feet  deep,  by  an  engine  of 
200  H.P.,  assuming  the  efficiency  of  the  engine  to  be  '6  ? 

Let  a: = weight  of  water  in  lbs.  raised  per  hour. 
Then  a;  x  ei=H.  P.  x  33000  x  60  x  -6 
X  X  600  =  200  X  33000  x  60  x  '6 

^j.^^200x33000x60x-6 


600 
=  396000  lbs. 

1  gallon  of  water=10  lbs.  .-.  gallons  per  hour =??^M^  39600 
1  cub.  ft  of  water  =  62-5  lbs.  .*.  cub.  ft.  per  hour =?^5^  =  6336 

Uuestion. — Find  the  quantity  of  water  delivered  by  a  double-acting 
plunger  pump,  if  the  plunger  is  7  in.  in  diameter,  length  of  stroke 
4i  ft.  and  working  at  20  strokes  per  minute.  Also  find  the  horse- 
power if  the  shaft  be  90  fathoms  deep. 

Using  the  same  notation  as  in  Question  2,  and  also  let  N  =  number 
of  strokes  of  plunger  per  minute. 

ThenG=D2x-034xLx2xN 
=  7«x  •034x4-6x2x20 
=299*88  gallons  per  minute 

H.P.  x33000  =  Gxl0xrf 

H.P.  X  33000  =  209-88  x  10  x  90  x  6 

299*88  X  9 
After  cancelling  H.P.  = ^i =  49*07. 

Question. — Give  the  principal  sizes  of  a  direct-acting  pumping 
engine  fitted  with  a  fly-wheel  which  you  would  erect  to  raise  400 
gallons  of  water  per  minute  from  a  depth  of  80  fathoms ;  allowing  J 
for  stoppages,  §  for  efficiency  of  engine,  and  10  per  cent,  for  slip  of 
pumps. 

As  \  has  to  be  allowed  for  stoppages,  and  10  per  cent,  for  slip  of 
pumps, 

400  X  24 
,%  Gallons  to  be  raised  per  minute= — — — +10  per  cent.  =660. 

16 

We  would  therefore  require  to  provide  a  pump  capable  of  raising 
660  gallons  per  minute.  Assume  the  speed  of  the  pump  to  be  100  ft. 
per  minute. 

G=D2x '034  X  speed 

or  !>= V^^H^=v3So=^'-^  - '' '-  ^^^-^-^''^'^  - 

the  diameter  of  pump  required* 
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Then  to  calculate  size  of  engine  required  to  raise  600  gallons  per 
minute,  we  may  equate  the  work  thus : — 

Work  done  by  engine  =  work  done  in  shaft 
or  D^  X  7854  x  P  x  speed  x  E= weight  of  water  in  lbs.  per  minute  x  height  to  be 
raised  in  ft. 

Where  E= efficiency  of  engine =§  or  '66. 

If  we  assume  the  effective  steam  pressure  to  be  50  lbs.  per  sq.  in., 
and  the  speed  of  engine  to  be  the  same  as  the  pump,  100  ft.  per 
minute. 

Then  D«  x  7854  x  50  x  100  x  '66  =  600  x  10  x  80  x  6 
after  cancelling  -08639  0^=96 


— — —  =  33*3  in.  diameter  of  cylinder. 
'    -08639  ^ 


-08639 

The  engine  is  to  be  direct  acting,  so  that  it  could  have  a  5  ft. 
stroke,  and  going  at  the  rate  of  10  double  strokes  per  minute ;  the 
diameter  of  cylinder  being  33  in.,  and  the  steam  pressure  50  lbs, 
per  square  in.  Suppose  the  above  engine  to  be  working  compovmd 
and  expansively,  and  the  steam  to  be  cut  off  at  ^  of  the  stroke ; 
what  would  the  diameter  of  the  low  pressure  cylinder  require  to  be  ? 
The  size  of  the  low  pressure  cylinder  may  be  found  by  the  formula : 

a =—7—  :    Where  a = area  in  sq.  in,  of  high  pressure  cylinder 

A=        „  „        low  „  ,, 

E  =  number  of  expansions  of  steam  in  cylinder = — 

P=mean  effective  steam  pressure  in  lbs.  per  sq.  in. 

T= terminal  pressure  of  steam  =  P  j 

Z= length  of  stroke  before  steam  is  cut  off 
^1=        »»        >i        after        ,,  ,, 

HereT=50x~  =  16-6lbs.,andE  =  -|^  =  3,   and  by  formula  a=-4-    or  if 
60  16*6  ^jg  * 

we  let  rf= diameter  of  high  pressure  cylinder 
andD=         „         low         „  „ 

then  rf^x -7854  =  ^- \-7j^^ 

Ve 

.%  D^x -7854=^2  X  7854  X  ^f 


I)^^33ixj^x^  =  Vl88F97  =  43-4  in. 


If  we  allow  the  same  eflBciency  for  this  cylinder  as  for  the  high 
pressure  one,  then  its  diameter  would  require  to  be  43*4 +  ^  =  57*8 
inches.  The  ratio  between  the  two  cylinders  is  often  taken  as  1  : 1  '6 
or  1*5  when  the  number  of  expansions  is  less  than  10. 
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VENTILATION. 

Gases  Present  in  Mines. — As  the  symbols,  specific  gravities,  and 
atomic  or  relative  weights  of  the  gases  met  with  in  mines  are  fre- 
quently referred  to,  it  will  be  as  well  to  define  these  terms. 

The  Specific  Gravity  of  a  body  is  the  ratio  of  the  quantity  of 
matter  contained  in  a  given  volume  to  the  quantity  of  matter  con- 
tained in  an  equal  volume  of  a  substance  chosen  as  a  standard.  Air 
is  nearly  always  the  standard  adopted  when  comparing  the  specific 
gravity  of  gases. 

The  Atomic  Weight  is  the  lowest  proportion  by  weight  in  which 
one  substance  combines  chemically  with  another. 

Symbols. — The  chemist  discriminates  all  substances  into  elements, 
compounds,  and  mixtures.  Of  the  former  there  are  between  60  and 
70,  and  for  the  sake  of  convenience  and  brevity  in  referring  to  them, 
the  first  letter  only,  or  two  distinctive  letters  of  the  names  are  used. 
Thus  H  is  the  symbol  for  hydrogen,  0  for  oxygen,  etc.,  etc.  Gases 
are  divided  into  three  classes,  viz.,  elementary  or  simple  gases,  com- 
pound gases,  mechanical  mixtures. 

An  elementary  or  simple  gas  consists  of  one  element  only,  i.e.  of  a 
substance  which  it  is  impossible  to  split  up  or  divide. 

Compoimd  gases  are  composed  of  two  or  more  elements  chemically 
combined  with  each  other.  This  combination  results  in  the  pro- 
duction of  a  gas  differing  in  its  properties  from  either  of  the  elements 
of  which  it  is  composed. 

Mechanical  mixture  takes  place  when  two  or  more  substances  or 
elements  are  brought  together  and  no  chemical  action  results. 

The  elementary  or  simple  substances  of  which  the  compound  gases, 
found  in  mines,  are  composed,  are — Hydrogen,  H;  Oxygen,  0; 
Nitrogen,  N ;  Carbon,  C  ;  Sulphur,  S. 

Hydrogen. — Symbol,  H  ;  atomic  weight,  1.  An  inflammable  gas  ; 
possessing,  when  pure,  neither  colour,  taste,  nor  smeU ;  and  a  non- 
supporter  of  combustion  or  life.  The  fact  may  here  be  noted  that 
all  inflammable  gases  are  non-supporters  of  combustion  in  the  ordinary 
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sense.  Hydrogen  being  the  lightest  substance  known,  it  is  usually 
taken  as  the  standard  of  atomic  weight,  the  weight  of  all  other  gases 
being  expressed  in  terms  of  hydrogen  as  imity.  1000  cub.  ft.  of 
hydrogen  at  14*7  lbs.  atmospheric  pressure  per  sq.  in.,  and  at  a 
temperature  of  32*  F.,  weigh  5*606  lbs. 

Oxygen, — Symbol,  0 ;  atomic  weight,  16 ;  has  neither  colour,  taste, 
nor  smell ;  does  not  bum,  but  is  the  great  supporter  of  combustion 
and  life.  All  forms  of  burning,  breathing,  decay,  etc.,  are  shnply 
manifestations  of  the  combustion  of  various  substances  in  oxygen. 
Since  1000  cub.  ft.  of  hydrogen  weigh  5*606  lbs.,  1000  cub.  ft.  of 
oxygen = 5-606  x  16  =  89*69  lbs. 

Nitrogen, — Symbol,  N;  atomic  weight,  14;  non-inflammable  gas; 
no  colour,  taste,  or  smell,  and  does  not  support  combustion.  It  forms 
^  by  volume  of  the  atmosphere,  and  acts  as  a  diluent  to  the 
oxygen  in  the  air;  it  is  altogether  a  very  inert  gas,  being  very 
inactive  in  all  its  qualities  under  ordinary  conditions.  1000  cub.  ft. 
of  nitrogen  =  5*606  x  14  =  78*48  lbs. 

Carbon, — Symbol,  C;  atomic  weight,  12.  Carbon  is  not  a  gas, 
and  it  is  never  found  free  in  a  gaseous  form  like  hydrogen  or  oxygen. 
Charcoal,  coke,  graphite,  and  the  diamond  are  all  forms  of  carbon, 
the  diamond  being  the  purest.  This  element  is  often  present  in  com- 
pound gases,  and,  from  their  properties,  gaseous  carbon  is  assumed 
to  have  no  colour,  taste,  or  smell,  to  be  inflammable,  but  a  non- 
supporter  of  combustion. 

Sulphur. — Symbol,  S ;  atomic  weight,  32.  Sulphur  is  also  a  solid 
element  at  ordinary  temperatures ;  at  higher  temperatures  it  becomes 
a  liquid  with  a  clear  amber  colour,  which  on  continuous  heating 
becomes  darker,  and  at  a  temperature  /)f  840**  F.  it  becomes  a  dense 
red  vapour  which  is  combustible,  and  a  non-supporter  of  combustion 
and  life,  without  smell  itself,  but  with  a  strong  pungent  smell  if 
allowed  to  combine  with  oxygen  or  with  hydrogen. 

The  only  naturally  occurring  mechanical  mixture  we  have  to  deal 
with,  in  mine  gases,  is  air,  which  cannot  be  correctly  expressed  by 
any  formula. 

Air  is  composed  of  4  volumes  of  nitrogen,  and  1  volume  of  oxygen, 
14*75  being  its  relative  weight.  In  addition  to  these  two  gases  air 
also  contains  several  other  constituents,  such  as  carbonic  acid  gas  or 
choke-damp,  water  vapour,  and  argoUy  a  constituent  recently  dis- 
covered by  Lord  Rayleigh.  The  proportion  of  carbonic  acid  gas 
(COg)  in  the  air  is  about  ^^nrth  part  of  the  whole  volume,  or  varies 
from  2  to  10  vols,  in  10,000  vols,  of  air. 

The  average  amount  of  COg  present  in  the  air  is  '04  per  cent. ;  in 
ordinary  mines,  0*78  per  cent. ;  and  in  badly-ventilated  mines,  2*73 
per  cent.  As  a  continual  supply  of  CO2  is  being  given  off*  from  many 
sources,  it  is  necessary  to  have  some  provision  made  to  keep  down 
the  amount  present  in  the  atmosphere.  Nature  itself  makes  the 
necessary  provision.     Plants  inhale  the  COg  present  with  the  absorp- 
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tion  of  the  carbon  and  some  of  the  oxygen,  the  compound  retained 
being  assimilated,  and  helping  to  build  up  the  plant  tissue. 

Moisture  in  the  Air. — There  is  always  a  certain  amount  of  water 
vapour  present  in  the  atmosphere,  but  the  quantity  is  subject  to 
great  variation.  The  barometer  gives  indications  as  to  the  condition 
of  the  atmosphere  in  this  respect.  The  amount  of  vapour  or 
moisture  which  the  air  can  take  up  depends  on  its  temperature; 
the  higher  the  temperature  the  more  water  can  be  held  in  suspension. 
When  air  saturated  with  vapour  is  cooled,  the  moisture  is  condensed 
and  falls  in  the  form  of  rain  or  dew. 

The  relative  weight  of  water  vapour  to  air  is  as  9  to  14|.  Water 
vapour  is  therefore  much  lighter  than  air,  and  a  column  of  moist 
air  is  much  lighter  than  a  column  of  dry  air  of  the  same  height. 
When  the  barometer  falls  it  indicates  a  decrease  in  local  pressure, 
because  the  air  is  moist  and  there  is  a  probability  of  rain,  whilst 
when  the  barometer  is  high  it  indicates  that  the  air  is  dry  and 
that  dry  weather  will  occur.* 

The  amount  of  vapour  in  the  air  can  be  ascertained  from  tables 
published  for  the  purpose  (the  physical  tables  edited  by  Prof.  Guyot 
of  Washington  are  the  best),  giving  the  average  saturation  for 
different  temperatures.  But  probably  the  best  means  of  dealing 
with  this  is  to  find  by  means  of  calcium  chloride  tubes  carefully 
weighed  before  and  after  a  known  volume  of  air  has  been  passed 
through  them ;  the  amount  of  moisture  present  in  the  intake  and 
also  in  the  return  can  be  thus  ascertained,  and  the  difference  between 
these  two  quantities  will  be  the  amount  of  moisture  absorbed  from 
the  underground  workings.  The  amount  of  moisture  in  the  air  can 
also  be  ascertained  by  finding  the  dew  point,  for  the  intake  and 
return  currents,  by  means  of  a  hygrometer. 

Example. — A  ventilating  current  of  air  of  150,000  cub.  ft.  per  minute  saturated 
with  vapour  passes  down  the  down-cast  shaft  at  a  temperature  of  32"  F.  When 
it  leaves  the  up-cast  its  temperature  is  76°  F.  and  it  is  still  saturated  with 
vapour.  Find  how  much  water-vapour  this  quantity  of  air  has  absorbed  from 
the  underground  workings. 

T  +  459 
By  the  formula  Q^=- — — —  x  Qi,  the  quantity  or  volume  of  air  in  the  up-cast 


,    -.      75  +  459  ^ .  Kfv^^^  fQi=quantity  of  air  entering  originally, 

""32  +  459  1  O.  =  nnan+ifv  Ipa^Titr  fhp  fihnff 

=  1-0875    X 150000 

=  163125  cub.  ft.  per  minute 


32  +  459  J  Q2  =  quantity  leaving  the  shaft. 

=  1*0875    X 150000  1   T= temperature  of  air  in  the  up-cast. 

I    ^=  ,,  ,,  down-cast. 


*  Height  of  the  Atmosphere. — We  are  quite  unable  to  tell  to  what  height  the 
atmosphere  really  extends,  but  we  can  readily  estimate  its  height,  from  the 
observed  pressure,  if  we  assume  it  to  have  a  uniform  density. 

The  average  pressure  of  the  air  at  the  sea  level  is  14*7  lbs.  per  sq.  in.,  at  a 
temperature  of  32**  F.  and  29  '9  in.  of  mercury. 

14*7  X  144  =  2116-8  lbs.  i)ressure  per  sq.  ft,  1000  cub.  ft.  of  air  weighs  80728 

lbs.     .-.  1  cub.  ft.  =??^ji^= -08072  lbs.,  and  ^^^  =  26211  ft.=height  of  air 

1000  -08072  ^ 

column  if  the  atmosphere  were  of  uniform  density  throughout. 
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From  the  tables  already  referred  to  it  is  found  that 

1  cub.  ft.  of  air  at  32°  F.  contains  2  20  grains  of  vapour 
andl        „  „        75"  F.        „        9*41      „ 

.•.  vapour  in  down-cast  volume  = ^K^ =47*10  lbs.  {7000  grains =1  lb.} 

,,^.-of                       163125x9-41     nio-HK 
„  up-cast  „     = j^ =219  06  „ 

.*.  vapour  absorbed  from  mine  workings =219  05 -47 '10 =161 -95  lbs.,  or  16*195 
gallons  of  water. 

The  compound  gases  found  in  mines  are  four  in  number,  viz. — (1) 
carbonic  acid  gas  (COg),  (2)  carbonic  oxide  (CO),  (3)  sulphuretted 
hydrogen  (HoS),  and  (4)  carburetted  hydrogen  (CH^). 

The  following  table  shows  the  different  relative  weights  of  mine 
gases  and  their  behaviour : 

Relative  weight. 
Fire-damp  =  8     rises  to  roof. 

White-damp  =14     mixes  with  air. 

Air  =14-4 

Sulphuretted  hydrogen  =  17*0  falls  to  floor. 
Black-damp  =22*0  „ 

Carbonic  acid  gasy  or  carbon  dioxide,  known  also  as  choke-damp, 
black-damp,  after-damp,  or  stythe.  Composition,  COg;  atomic 
volume,  22.  From  the  above  it  will  be  seen  that  the  composition  of 
COg  by  weight  is  nearly  three-fourths  oxygen  and  one-fourth  carbon, 
but  the  oxygen  is  not  in  the  free  state  in  which  it  is  essential  to 
life,  and  carbon  dioxide  although  composed  so  largely  of  oxygen  is 
a  highly  poisonous  gas,  and,  even  in  small  quantities,  injurious  to 
health. 

It  has  no  colour,  taste,  or  smell,  except  when  present  in  large 
quantities,  when  a  slightly  acid  taste  is  experienced.  This  would, 
however,  be  no  guide  to  its  detection  in  mines.  It  does  not  bum, 
nor  does  it  support  combustion.  As  little  as  1  per  cent,  of  this  gas 
in  the  air  causes  shortness  of  breath,  and  10  per  cent,  causes  death. 
Eight  per  cent,  of  this  gas  will  put  out  a  light  in  a  perfectly  still 
atmosphere,  so  the  miner  is  warned  before  the  danger  becomes  too 
great. 

Recent  investigations  have  shown  that  the  gas,  as  found  in  mines, 
is  not  pure  COg,  but  is  mixed  with  a  large  quantity  of  free  nitrogen ; 
in  most  cases  this  does  not  prevent  the  extinction  of  a  light,  but  such 
a  mixture  is  not  nearly  so  dangerous  to  inhale  as  pure  carbon  dioxide. 

Carbon  dioxide  is  formed  in  mines  by  the  decay  of  organic  matter, 
by  the  exhalations  of  men  and  animak,  the  gaseous  products  re- 
sulting from  burning  lamps  and  the  blasting  operations,  in  fact, 
wherever  combustion  is  going  on.  In  some  mines  it  is  abimdant 
and  is  given  off  naturally  from  the  strata  like  fire-damp.  It  is  an 
extremely  heavy  gas  (specific  gravity  1*53)  being  1|  times  heavier 
than  air,  and  for  this  reason  it  is  always  found  in  dip  workings  and 
in  pumps,  and  accumulates  at  the  lowest  levels. 
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Carbonic  acid  gas  is  always  difficult  to  deal  with,  and  this  is  especi- 
ally the  case  in  dip  workings,  as  it  may  settle  near  the  floor,  and 
a  current  of  air  passing  over  it  may  fail  to  remove  it.  Its  presence 
should  always  be  suspected  in  such  workings  (especially  if  old  and 
unventilated),  and  at  the  bottom  of  wells  and  pumps.  It  may  be 
removed  from  pumps  by  lowering  a  bucket  containing  quick  lime, 
which  absorbs  large  quantities  of  COg,  or  by  letting  a  quantity  of 
water  fall  down  the  shaft,  thus  producing  a  strong  current  of  air  to 
displace  it.  COg  can  be  easily  detected,  as  when  lights  are  lowered 
mto  it  they  become  black  and  smoky,  or  are  extinguished.  Another 
test  is  to  pass  a  quantity  of  the  suspected  air  through  lime-water, 
when,  if  the  gas  is  present,  the  water  will  turn  milky. 

Carbonic  Oxide. — Carbon  monoxide  or  white-damp.  Composition, 
CO ;  atomic  volume,  14.  This  gas  is  also  colourless  and  tasteless,  but 
possesses  a  slight  smell  when  present  in  large  quantities.  It  is  a 
combustible  gas,  and  a  non-supporter  of  combustion.  Fortunately 
this  gas  is  found  in  mines  only  under  exceptional  circumstances,  such 
as  underground  fires,  etc.  Carbonic  oxide  is  formed  by  the  combustion 
of  carbon  with  a  deficiency  of  oxygen,  or  is  the  result  of  incomplete 
combustion.  Small  quantities  of  this  gas  are  also  given  off  on  the 
explosion  of  gunpowder.  It  is  usually  a  constituent  of  afterdamp, 
and  it  is  said  to  be  given  off  naturally  in  some  metalliferous  mines, 
and  has  been  found  in  tunnels  during  driving  operations.  Although 
this  gas  is  inflammable  it  cannot  be  detected  by  the  flame  of  a  lamp 
until  there  is  about  twelve  per  cent,  present  in  the  air,  whereas  much 
smaller  quantities  are  fatal  to  life.  When  air  contains  one-half  per 
cent,  of  carbon  monoxide  a  man  breathing  it  will  become  giddy,  sick, 
and  faint,  while  about  one  per  cent,  will  produce  fatal  results.  It 
has  been  suggested  that,  as  a  very  small  percentage  of  this  gas  afiects 
small  warm-blooded  animals  more  rapidly  than  man,  mice  or  small 
birds  should  be  utilised  in  the  detection  of  this  gas.* 

Sulphuretted  Hydrogen. — Composition,  HgS ;  atomic  volume,  17. 
This  is  a  combustible  gas  burning  with  a  deep  blue  flame,  does  not 
support  combustion,  and  has  no  colour,  no  taste,  but  a  very  strong 
smell.  Like  carbonic  acid,  this  gas  is  never  found  in  large  quantities 
in  mines.  It  is  produced  by  the  decomposition  of  pyrites  by  water. 
If  breathed  undiluted  it  is  fatal  to  life ;  3  per  cent,  in  the  air  causes 
serious  eflects,  and  a  smaller  percentage  causes  sickness  and  giddiness. 
It  is  never  a  source  of  great  danger  in  coal  mines,  as  its  presence 
even  in  small  quantities,  is  easily  detected.  Sudden  outbursts  of  this 
gas  have  been  known  to  occur,  however,  in  copper  and  saltmines, 
causing  loss  of  life. 

Carburetted  Hydrogen  or  Marsh  gas  is  known  amongst  miners  as 
*  fire-damp,*  *fire,'  or  *ga8.'  Composition,  CH^ ;  atomic  volume,  8. 
Fire-damp  is  a  gas  with  neither  colour,  taste,  nor  smell.     It  is  highly 

*  At  a  colliery  in  Fifeshire  recently,  where,  owing  to  the  presence  of  this  gas 
derived  from  a  gob  lire,  seven  men  lost  their  lives,  the  rescue  party  succcssfiuly 
em])loyed  a  canary  as  a  means  of  indicating  the  presence  of  the  gas. 
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inflammable  and  a  non-supporter  of  combustion.  When  fire-damp 
explodes  with  a  mixture  of  air  (9*38  per  cent.  CH^  in  pure  air),  the 
following  compounds  are  formed  : 

Before  explosion.  After  explosion. 

One  volume  of  CH4  -h  four  volumes  of  air  =       CO2       -f  2{Il^0)  +         16N 

black-damp  +  steam  -f  free  nitrogen, 
or  simply  CH4  +  40 = CO2  -I-  2H3O. 

Fire-damp  exists  pent  up  in  the  coal  itself,  where  it  has  been  im- 
prisoned from  the  time  of  the  formation  of  the  beds. 

Where  the  pressure  is  great  the  gas  issues  from  the  coal  with  a 
hissing  noise,  like  that  of  steam  escaping,  a  vent  of  this  description 
being  called  a  *  blower.'  The  pressure  has  at  times  been  measured, 
and  in  some  places  pressures  varying  from  460  to  900  lbs.  per  sq. 
in.  have  been  recorded.  Where  gas  at  these  enormous  pressures  is 
present  liability  to  sudden  outbursts  always  exists.  Such  outbursts 
are  very  dangerous,  both  by  their  fouling  the  air  currents  and  dis- 
lodging material. 

In  some  shallow  mines  fire-damp  is  seldom  or  never  detected,  or 
met  with  only  in  very  small  quantities,  having  probably  escaped  from 
such  mines  through  the  permeable  strata  to  the  surface.  In  some 
seams  it  is,  on  the  other  hand,  given  off  in  very  large  quantities, 
especially  from  those  earliest  worked,  which  usually  drain  oflf  the  gas 
from  the  other  seams. 

Generally,  fire-damp  is  most  abundant  in  seams  of  considerable 
depth,  being  given  off  naturally  from  the  strata,  and  also  freely  from 
the  coal  face ;  it  also  issues  from  cracks  in  the  roof  and  floor,  large 
voliunes  being  given  off  at  times,  sometimes  heaving  up  the  floor  or 
causing  falls  of  the  roof. 

Carburetted  hydrogen  is  rarely  found  in  a  pure  state,  but  it  is 
generally  mixed  with  other  gases,  principally  carbonic  acid  gas  and 
sulphuretted  hydrogen.  The  presence  of  these  gases  tends  to  reduce 
the  force  of  an  explosion  should  one  occur. 

If  an  explosive  mixture  is  diluted  with  ^th  of  its  volume  of  carbon- 
dioxide,  it  ceases  to  be  explosive. 

Fire-damp  may  accumulate  in  large  quantities  in  the  open  waste, 
where  pillars  are  being  taken  out,  and  in  rise  workings  or  in  holes  in 
the  roof,  because,  being  very  much  lighter  than  air,  it  seeks  the 
highest  point  in  the  workings.  If  the  seam  worked  has  a  soft  shale 
roof  and  a  bed  of  hard  rock,  or  fakes  above,  as  in  fig.  406,  the  soft 
shale  falls  at  once,  when  a  *  lift  *  has  been  taken  off  the  pillar  and  the 
wood  first  drawn,  but  the  rock  does  not  break  for  some  time  after- 
wards. This  causes  an  open  space  to  be  left  between  the  fallen  shale 
and  the  rock,  in  which  fire-damp  accumulates,  if  present,  so  that 
when  the  rock  ultimately  falls  the  space  is  filled  up,  and  the  gas  is 
forced  down  the  edge  of  the  waste  into  the  working  places,  and,  if 
naked  lights  are  used,  may  cause  an  explosion.  The  only  method  of 
dealing  with  this  danger  is  to  work  with  safety  lamps. 
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If  the  Longwall  system  of  working  is  adopted,  there  may  be  a 
space  formed  between  the  shale  and  the  rock,  which  contains  gas 
that  escapes  into  the  workings,  owing  to  a  subsidence  of  the  rock. 

To  obviate  this,  it  is  common  to  rip  one  place  up  to  the  rock, 
the  road  of  course  being  banked  up ;  this  road,  which,  if  possible, 


Fig.  406.— Gas-lilled  Cavity. 


should  be  the  return  airway,  has  now  direct  communication  with  any 
space  that  may  exist,  and  consequently  acts  as  a  drain  for  the  gas. 

In  sinking  shafts,  sudden  outbursts  of  fire-damp  have  often  occurred. 
When  approaching  a  coal  seam  the  strata  are  often  displaced  for  u 
considerable  distance  from  the  seam,  allowing  the  gas  to  issue  into  the 

shaft  (fig.  407).  This  may  take 
place  more  readily  after  a  number 
of  shots  have  been  fired,  and  there- 
fore great  care  should  be  taken  in 
such  cases  to  examine  the  shaft  with 
a  safety  lamp  before  proceeding  with 
the  work.  The  danger  may  also  be 
guarded  against  by  putting  a  bore- 
hole to  the  coal-head  12  or  18  ft.  in 
advance  of  the  sinking. 

Another  danger  lies  in  pumping 
water  from  old  workings  or  disused 
shafts  where  gas  may  be  confined, 
as  when  the  water  pressure  is  lowered 
to  a  certain  point  the  pressure  of 
gas  may  exceed  it,  and  rush  out  with 
dangerous  consequences  if  any  naked 
light  be  near.  A  case  of  this  kind  occurred  at  Kinniel  Colliery,  Bo'ness, 
a  few  years  ago,  whereby  two  men  lost  their  lives. 

Means  of  Detection, — Fire-damp  is  usually  detected  by  means  of  a 
*Davy'  lamp,  or  by  one  of  the  other  numerous  safety  lamps  now 
used.  To  detect  this  gas  the  flame  should  be  turned  down  as  low  as 
possible  in  the  lamp,  because,  if  there  is  a  large  flame,  it  is  impossible 


Coa/. 


Seam 


Fio.  407. — Gas  Veut,  or  'Blower.' 


VENTILATION.  325 

to  see  the  *  blue  cap '  which  forms  on  the  top  of  the  flame  if  fire- 
damp is  present. 

The  *  cap '  increases  in  length  as  the  proportion  of  gas  increases, 
until,  when  there  is  6 J  per  cent,  present,  the  'blue  cap'  fills  the 
gauze  of  the  lamp.  With  this  percentage  of  gas  the  mixture  would 
be  moderately  explosive,  the  violence  of  the  explosion  becoming 
greater  as  the  percentage  of  gas  in  the  air  increases,  until  it  reaches 
9*38  per  cent.,  which  is  the  most  explosive  point. 

The  following  table,  issued  by  the  Royal  Commission  on  Accidents 
in  Mines,  shows  the  efiect  of  varying  percentages  of  fire-damp  on  a 
naked  light : — 

CH4  in  air.  Effect. 

2   per  cent.  .  .     Produces  slight  elongation  of  the  flame. 

2i        „  .  .A  distinct  elongation. 

4J        ,,  .  .     Inflames  and  bums  slowly. 

6  „  .  .  ,,  explodes  sharply. 

9*38  „  .  .  „  ,,        with  greatest  violence  and  per- 

fect combustion. 

20  „  .  .     The  flame  just  burns  feebly. 

26  „  .  .     Extinguishes  the  flame. 

Pollution  of  Air  in  Mines. — The  principal  causes  of  impure  air  in 
muies  are: — The  exhalations  of  men  and  animals;  burning  lamps 
or  candles;  gases  given  off  naturally  from  the  strata  and  those 
resulting  from  blasting;  decaying  timber  in  the  workings;  absorp- 
tion of  oxygen  by  chemical  agencies;  introduction  of  foreign  sub- 
stances. 

In  breathing,  oxygen  is  withdrawn  from  the  air  and  COg  is  given 
off,  together  with  a  certain  percentage  of  nitrogen ;  a  man  working 
for  eight  hours  will  give  off,  on  an  average,  over  5  cub.  ft.  of  COg. 
The  quantity  of  air  inhaled  by  a  man  is  said  to  be  '42  to  "45  cub.  ft. 
per  minute,  or  25*2  to  27  cub.  ft.  per  hour  when  at  rest;  but  in  a 
mine  it  will  require  much  more  than  this  to  keep  the  air  pure, 
possibly  100  to  120  cub.  ft.  per  minute  in  a  non-fiery  mine,  and  in 
fiery  mines,  where  much  gas  is  given  off,  300  to  400  cub.  ft.  per 
minute,  while  every  horse  in  the  mine  will  require  three  to  six  times 
as  much  air  as  a  man.  The  quantity  of  air  supplied  to  a  colliery 
should  bear  some  ratio  to  the  amovmt  of  coal  raised  per  shift, 
because  the  more  actively  the  working  proceeds  the  greater  will 
be  the  amount  of  gas  liberated.  In  non-fiery  pits  80  to  100 
cub.  fb.  of  air  per  minute  per  ton  of  coal  raised  should  suffice, 
and  100  to  200  cub.  ft.  per  minute  per  ton  of  coal  raised  in 
fiery  collieries.  No  hard  and  fast  line  can  be  drawn  that  will  suit 
every  case. 

Burning  lamps  or  candles  also  absorb  the  oxygen  from  the  air 
and  give  off  deleterious  gases,  principally  CO2  and  small  quantities 
of  CO. 
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As  already  noticed,  fire-damp  and  choke-damp  are  given  off  more 
or  less  freely  in  nearly  all  mines,  and  are  often  the  principal  causes 
of  impure  air  in  the  workings. 

Timber  in  some  mines,  especially  in  return  airways,  decays  very 
rapidly  and  pollutes  the  atmosphere.  To  prevent  this  as  much  as 
possible,  the  bark  should  be  peeled  off  and  the  timber  thoroughly 
seasoned  before  being  used  vmderground. 

Chemical  agencies,  such  as  the  action  of  water  on  iron  pyrites  or 
other  ferruginous  minerals,  absorb  considerable  quantities  of  oxygen, 
and  give  off  HgS.  The  coal  itself  absorbs  the  oxygen  of  the  air  to 
such  an  extent  as  sometimes  to  ignite  spontaneously. 

The  introduction  of  foreign  substances  into  the  air  takes  place  on 
blasting  by  explosives,  the  gases  naturally  given  off  from  the  coal 
and  fine  coal-dust  held  in  suspension,  produced  by  breaking  down  the 
coal,  or  carried  down  into  the  workings  with  the  intake  air-current 
from  the  screens  on  the  surface.  The  statement  by  manufacturers 
that  explosives  cause  no  fumes  is  wrong,  as  nearly  all  explosives  give 
off  CO  and  CO2  in  varying  quantities  and  also  a  considerable  amount 
of  solid  residue.  The  smoke  of  gunpowder  is  largely  composed  of 
fine  particles  of  carbonate  and  sulphide  of  potassium.  Dynamite, 
when  exploded,  sends  into  the  air,  in  a  finely  divided  state,  the  25 
per  cent,  of  infusorial  earth  which  it  contains.  Boring  shot-holes 
either  in  the  rock  or  coal  also  sets  in  motion  considerable  quantities 
of  fine  dust  which  help  to  pollute  the  air. 

From  these  causes,  the  atmosphere  in  the  workings  is  very  soon 
rendered  impure  and  dangerous  to  breathe,  unless  means  are  adopted 
to  clear  them,  and  keep  men  and  animals  supplied  with  pure  air. 
The  only  safe  and  practical  method  is  to  keep  up  a  current  of  air  of 
sufficient  quantity  and  velocity  as  to  carry  off  the  deleterious  gases  as 
soon  as  formed. 

The  different  methods  of  accomplishing  this  are : — Natural  venti- 
lation, waterfalls,  furnace  or  steam  jets,  reciprocating  or  displacement 
machines  and  fans. 

We  have  seen  that  air  possesses  weight.  It  is  therefore  forced 
along  a  level  road  or  to  the  dip  more  easily  than  to  the  rise 
workings,  and  this  is  well  known  in  practice,  for  with  airways  of 
equal  area  a  greater  proportion  of  air  will  find  its  way  to  dip 
workings. 

Since  air  has  weight  it  possesses  the  property  of  inertia,  which  is 
the  resistance  offered  by  a  body  to  any  force  tending  either  to  impart 
motion  to  it  or  to  influence  it  when  in  motion. 

When  two  shafts  are  sunk  and  connected  by  a  passagCy  and  the 
density  (weight)  of  air  in  the  two  shafts  is  equals  no  current  of  air 
will  rircvlatey  no  matter  what  their  respective  sizes  may  be* 

If,  however,  one  column  of  air  has  a  greater  density  than  the  other, 

•  OocU  Mining,  by  H.  W.  Hughes,  1899. 


VBNTILATION.  327 

then  the  heavier  column  will  overbalance  the  lighter  one  and  set  a 
current  in  circulation. 

To  cause  a  current  of  air  to  circulate,  some  means  must  be  adopted 
to  alter  the  density  of  one  of  the  air-columns.  This  may  be  done  in 
three  different  ways,  viz.,  by  expansion  in  the  up-cast ;  compression 
in  the  down-cast ;  exhausting  the  air  from  the  up-cast. 

Expansion  of  the  air  in  the  up-cast  may  be  attained  by  natural 
ventilation,  furnace,  or  steam  jet. 

Compression  in  the  down-cast  may  be  procured  by  means  of  a 
waterfall  or  by  compressing  fans. 

Exhausting  the  air  from  the  up-cast  may  be  carried  out  by 
displacement  machines  or  by  exhaust  fans,  the  latter  being  the 
commonest  means  employed  at  mines. 

Natural  Ventilation. — A  mine  communicating  with  the  surface 
by  two  distinct  shafts,  having  air  circulating  in  them  without  arti- 
ficial means,  is  said  to  be  naturally  ventilated.  The  ventilating 
current  thus  set  up  is  caused  by  a  diiference  in  pressure  between  the 
two  shafts,  itself  the  result  of  a  difference  of  temperature.  Therefore, 
to  have  a  current  of  air  circulating  naturally^  there  must  be  a  differ- 
ence in  depth  between  the  two  shafts,  to  secure  a  difference  in 
temperature  and  pressure. 

At  a  short  distance  below  the  surface  of  the  earth — 50  to  60  ft. — 
a  point  is  reached  where  the  temperature  is  constant  throughout  the 
year,  and  as  the  air  acquires  nearly  the  same  temperature  as  the 
strata,  it  also  is  nearly  uniform  throughout  the  year. 

Descending  from  this  point,  the  temperature  increases  on  an 
average  T  F.  for  every  additional  60  ft.,  and  in  the  case  of  a 
mine  with  two  shafts  of  (Afferent  depths,  it  follows  that  there  will  be 
a  tendency  for  a  current  of  air  to  circulate  between  them.  The  air, 
in  travelling  round  the  workings,  will  also  get  heat  imparted  to  it 
by  the  burning  of  lamps  and  the  natural  heat  given  off  from  the 
strata. 

Natural  ventilation  may  therefore  be  due  to  a  difference  in  depth 
of  the  two  shafts,  due  to  a  difference  in  surface  level,  or  a  difference 
in  depth  due  to  the  inclination  of  the  seam. 

Suppose  there  are  two  shafts,  one  20  fathoms  in  depth  and  the 
other  100  fathoms,  the  difference  in  depth  being  due  to  a  difference 
of  surface  level.  In  the  winter  time,  with  the  temperature  at  freez- 
ing point  on  the  surface,  at  the  bottom  of  the  shallow  shaft  the 
temperature  would  be  52**  F.,  and  at  the  bottom  of  the  deep  shaft 
it  would  be  59'  F. 

Now  there  is  a  difference  in  the  depth  of  the  twa  shafts  of  80 
fathoms,  which  would  represent  a  column  of  air  of  that  height  above 
the  surface  level  at  32"  F.,  opposing  a  like  column  of  the  same  height 
in  the  deeper  shaft  at  a  very  much  higher  temperature,  and  therefore 
very  much  lighter.  Let  us  now  examine  the  pressure  exerted  in 
both  shafts;  the  shallow  shaft  would,  of  course,  be  the  down-cast 
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in  winter,  and  the  deep  one  the  up-cast ;  the  pressure  in  the  down- 
cast would  be  : 

480  ft.  at  32*'  F.  and  1  cub.  ft.  of  air  at  32'  F.  =  -0811  lb. .  \  480  x  -0811  =  38*92  lbs. 
60ft.at50'F.  „    1         „  ,,       50°F.  =  -0780  „  .*.    60x-0780=  4*68  „ 

*120ft.at52"F.  „    1        „         „       52**  F.  = '0778  „.-.  120  x '0778=  9-33  „ 

Total  for  down-cast  =  52  93  , , 

In  the  up-cast  shaft  the  pressure  would  be 

60  ft.  at  32**  F.  and  1  cub.  ft.  of  air  at  32"'  F.  =  '0780  lb.  .  •.    60  x  -0780  =  4  '68  lbs. 
540  ft.  at  59' F.  „    1        „  „       59' F.  = '0767  „.-.  540  x  •0767  =  41-41  „ 


Total  for  up-cast  =  46*09  „ 

The  difference  of  pressure  causing  the  current  to  circulate  will  be 
52-93 -46-09  =  6-84  lbs.  in  favour  of  the  shallow  shaft,  which  will 
cause  it  to  be  the  down-cast  in  winter,  while,  if  we  examined  the  case 
in  the  same  manner  in  summer,  it  would  be  foimd  that  the  deep 
shaft  would  then  have  become  the  down-cast. 

The  weight  of  a  cub.  ft.  of  air  at  any  temperature  and  height  of 

barometer  may  be  found  by  the  formula  W  = 7-— — 

Where  W  =  weight  of  1  cub.  ft.  of  air  at  the  given  temperature. 
B  =  height  of  barometer  in  inches. 
t  =  temperature  of  air  in  degrees  Fahrenheit. 
459  =  co-efficient  of  expansion. 

1-3253  =  a  constant  (459  cub.  ft.  of  air  at  0'  F.  and  1  in.  Bar. 
press,  weighs  1-3253  lbs.,  and  459  cub.  ft.  of  air  at  0'  F.  and  B  in. 
press.  =  1-353  xB). 

The  more  nearly  the  two  shafts  approach  the  same  depth  or  surface 
level,  the  more  nearly  equal  will  be  the  pressure  in  both  shafts, 
causing  the  current  air  to  circulate,  and  hence  the  greater  likelihood 
of  it  stopping  altogether  at  times.  In  mines  where  ventilation  is 
effected  by  natural  causes,  it  is  no  uncommon  occurrence  for  the  air 
in  sununer  time  to  be  travelling  down  one  shaft  in  the  morning,  to 
come  to  a  standstill  in  the  middle  of  the  day,  and  circulate  in  the 
opposite  direction  in  the  evening.  In  most  mines,  therefore,  natural 
ventilation  is  totally  inadequate,  and  should  not  be  depended  on 
where  fire-damp,  or  other  dangerous  gases,  are  given  off. 

Waterfall  ventilation, — To  set  a  current  of  air  in  circulation  in 
a  mine  by  means  of  a  falling  column  of  water  is  not  a  method  that 
is  very  commonly  resorted  to,  nor  is  it  to  be  recommended,  except 
in  cases  of  emergency,  such  as  the  sudden  stoppage  of  a  fan.  The 
author  has  known  cases  where  the  plan  proved,  however,  of  much 
service  in  ridding  the  workings  of  a  body  of  choke-damp,  but  in  this 
case  it  was  only  adopted  as  an  auxiliary  to  the  circulation  arising 

*  120  ft  at  52**  F.  is  only  approximately  correct,  as  the  temperature  would  be 
different  at  different  points  in  the  shaft. 
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from  natural  ventilation,  and  had  there  not  been  plenty  of  surplus 
pumping  power  to  raise  the  water  to  the  surfacfe  again,  it  could  not 
have  been  used  at  all. 

This  method  can  only  be  used  economically  when  there  is  an  adit 
level  connected  to  the  shaft,  and  which  will  convey  the  water  from 
the  workings  without  the  employment  of  machinery. 

Furnace  Ventilation. — A  number  of  years  ago  nearly  all  collieries 
of  any  importance  were  ventilated  by  means  of  furnaces,  but  this 
system  of  ventilation  has  fallen  into  disrepute,  and  now  few  collieries, 
except  in  some  districts  in  the  north  of  England,  are  supplied  with 
air  in  this  manner ;  and  the  employment  of  furnaces  for  this  purpose 
is  within  measurable  distance  of  ceasing  altogether,  as  it  has  little 
to  recommend  it. 

The  action  of  the  furnace  is  very  simple.  The  current  of  air,  in 
passing  over  the  fire,  is  heated,  which  causes  it  to  expand,  and  its 
density  being  lessened,  it  can  no  longer  resist  the  pressure  of  the 
denser  and  heavier  column  of  cold  air  behind.  Hence  it  is  continu- 
ously driven  forward  into  the  up-cast  shaft,  and  a  current  thereby 
established. 

The  higher  the  temperature  of  the  heated  air,  the  greater  will  be 
the  quantity  that  will  pass  over  the  furnace. 

The  power  of  a  furnace  therefore  depends  on  the  amount  of  heat 
which  it  can  commvmicate  to  the  current  of  air:  and,  as  the 
efficiency  of  a  furnace  depends  on  what  is  known  as  the  height 
of  the  motive  column,  it  necessarily  follows  that  the  greater  the 
depth  of  the  up-cast  shaft,  the  greater  will  be  the  quantity  of  air 
passing.* 

Position  of  Furnace, — The  furnace  may  be  placed  either  at  the 
surface  or  underground,  but  its  efficiency  is  greatly  reduced  by 
placing  it  above  ground,  and  it  ought,  therefore,  to  be  placed  under- 
ground, in  the  lowest  possible,  and  at  the  same  time  the  most 
practicable  position,  seeing  that  its  efficiency  depends  on  the  differ- 
ence of  weight  of  the  air  columns  in  the  two  shafts. 

Sometimes  it  is  impracticable  to  place  a  furnace  at  the  bottom  of 
the  deepest  shaft,  because  this  is  usually  the  pumping  shaft,  and 
as  a  general  rule  it  is  best  to  make  the  pumping  shaft  the  down- 
cast, because  there  is  always  more  or  less  water  falling  down  this 
pit,  through  leakage  of  pipe  joints,  defective  joints  at  the  bucket 
and  clack  doors,  or  some  of  the  lodgments  may  overflow,  or  a  pipe 
may  burst,  and  in  the  event  of  any  of  these  thin«:s  happening,  they 
might  cause  the  air-current  to  be  reversed,  if  the  pumping  shaft 
were  the  up-cast,  which  would  be  dangerous ;  besides,  it  would  be 
very  inconvenient  to  have  a  pumping  shaft  an  up-cast,  as  there  are 
always  repairs  required  where  pumps  are  at  work,  and  it  would  be 
impossible  for  men   to  continue  working  amongst  the  smoke  and 

*  In  furnace  ventilation  the  quantity  passing  varies  as  the  square  root  of  depth 
of  upcast  shaft 
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gases  coming  off  a  furnace.  The  furnace  can  only  be  placed  immedi- 
ately at  the  pit  bottom  when  the  shaft  is  used  for  ventilation  alone ; 
but  if  it  is  a  winding  shaft,  lined  with  wood,  or  fitted  with  wooden 
guides,  it  must  be  placed  back,  at  least,  50  or  60  yards  from  the  pit- 
bottom  ;  in  shafts  lined  with  brick  work,  and  having  iron  or  wire 
rope  guides,  20  or  30  yards  may  be  sufficient.  The  *  drift '  leading 
from  the  furnace  to  the  shaft  should  rise  with  an  inclination  of  one  in 
six  to  one  in  twelve. 

In  the  erection  of  furnaces  the  greatest  care  ought  to  be  taken  to 
minimize  risk  against  fire;  the  side  walls  should  be  14  in.  to  18 
in.  thick  opposite  the  bars,  with  plenty  of  room  for  a  current  of  air 
to  circulate  outside  them,  and  if  the  furnace  is  built  near  to  a  seam 
of  coal,  it  should  be  provided  with  a  double  arch,  and  space  left 
between  for  a  current  of  air  to  circulate  through  to  keep  the  outside 
cool ;  the  spaces  between  the  outside  arch  and  the  strata  being  filled 
with  sand  or  ashes,  which  are  bad  conductors  of  heat.  Figs.  408, 
409  show  the  construction  of  a  ventilating  furnace. 


^^^^^^^§$^^^$^ 


Figs.  408,  409. — Ventilating  Furnace. 

In  mines  where  the  return  air  contains  fire-damp  in  dangerous 
quantities  it  must  not  be  allowed  to  pass  over  the  furnace,  as  it 
would  ignite  and  cause  an  explosion,  but  should  be  led  into  the 
up-cast  shaft  by  a  separate  way,  termed  a  *dumb'  drift,  at  some 
distance  from  the  furnace  drift,  or  it  may  enter  the  shaft  on  the 
opposite  side  from  the  furnace,  higher  up  the  shaft,  or  by  another 
seam,  or  from  the  workings  of  a  lower  seam,  if  the  furnace  be  placed 
far  enough  back  to  prevent  the  flame  of  the  fire  from  entering  the 
shaft  (figs.  410,  411). 

In  such  cases  the  furnace  must  be  fed  with  pure  air  direct  from 
the  down-cast,  or  from  some  section  of  the  workings  sufficiently  pure 
for  the  purpose — in  either  case  the  efficiency  of  the  furnace  would  be 
greatly  reduced. 

When  such  is  the  case,  the  fire-bars  are  fitted  with  doors,  so  as  to 
force  as  much  air  through  them  as  possible,  and  in  this  way  the  air 
is  raised  to  a  higher  temperature ;  if  only  a  certain  quantity  of  air 
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is  required  to  assist  combustion,  the  space  below  the  fire-bars  may 
be  fitted  with  doors,  and  the  air  brought  from  the  down-cast  in  pipes, 
the  supply  being  regulated  so  as  only  to  let  as  much  pass  as  is 
necessary  to  secure  complete  combustion.  If  the  fire  bums  feebly 
from  the  presence  of  black-damp  (COg)  a  similar  arrangement  is 
necessary. 


Figs.  410,  411. — Diagram  of  Furnace  Ventilation. 


In  cases  where  iron  tubbing  is  used  for  lining  the  shaft,  it  ought 
to  be  protected,  by  an  inside  lining  of  fire-brick,  from  the  destructive 
fumes  and  heated  gases  given  ofi^  from  the  furnace.  As  fire-brick 
is  a  bad  conductor  of  heat,  less  heat,  and  therefore  less  energy, 
will  be  lost  than  if  the  air  were  in  direct  contact  with  the  iron 
tubbing  during  its  passage  up  the  shaft. 

Speed  of  Air  in  Up-cast, — The  speed  at  which  the  air  travels  in 
the  up-cast  varies  very  much  according  to  size  of  the  shaft  and  the 
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extent  of  the  underground  workings,  and  may  range  from  20  to  50 
ft.  per  second. 

In  calculating  the  size  of  furnace  required  for  a  given  quantity  of 
air,  a  certain  velocity  may  be  assiuned  (20  ft.  per  second  for  small 
and  30  ft.  for  large  furnaces),  and  the  necessary  area  of  fire-grate 

found  from  the  formula  A  =  y,  where  A  is  the  area  in  sq.  ft.,  Q  the 

total  quantity  of  air  required  to  pass,  and  V  the  velocity  in  ft. 

Example, — ^What  size  of  furnace  would  be  required  to  pass  120,000 
cub.  ft.  of  air  per  minute  if  the  velocity  is  20  ft.  per  second  ? 

.     120,000    iftrtc^   #-f 

A  =  ^^  '    ^  =100  sq.  ft. 

20  X  60  ^ 

This  fire-grate  area  would  be  too  large  for  one  furnace,  and  two 
would  be  required,  i,e,  50  sq.  ft.  to  each  furnace.     Suppose  the  width 

50 
of  bars  to  be  6  ft.,  then  the  length  of  each  furnace  would  be  -^  = 

8J  ft.  The  size  of  furnace  may  also  be  calculated  on  the  basis 
that  1  sq.  ft.  of  fire-grate  area  will  produce  800  to  1000  cubic  feet  of 
air  per  minute  under  ordinary  circumstances. 

The  difference  in  pressure  of  the  air  between  two  shafts,  due  to  the  action  of 
a  furnace,  may  be  calculated  in  the  same  way  as  that  adopted  for  natural 
ventilation. 

Example.— \{  two  shafts  are  each  100  fathoms  deep,  and  the  temperature  of 
the  air  in  the  furnace  shaft  is  at  160"  F.,  while  in  the  other  or  down-cast  shaft  it 
is  at  60*  F.,  what  would  be  difference  of  pressure,  and  what  height  of  water- 
gauge  would  this  represent  ? 

1  cub.  ft.  of  air  at  60**  F.  and  30  in.  barometer  weighs     '0766  lb. 
1        „         „        160°  F.  „  „  -0642  „ 

.*.  Weight  per  ft.  of  down-cast  air = 600  x  '0766  =  45  "96  lbs. 
„  „  up-cast  „  =600  X  •0642  =  38-52  „ 


•  *.  Difference  of  pressure  =  7'44  lbs. 

7*44 
and  the  water-gauge  =~— =1*43  in,,  or  the   pressure    measured   in  inches  of 

water-gauge  may  be  found  direct  by  the  formula,  h—wTr^~  ^;  where  ^= height 

Pk 
of  water-gauge  inches;  w= weight  of  1  cub.  ft.  of  air  at  32**  F.  and  14*7  lbs. 
pressure  per  sq.  in.  ('08072  lb.) ;  D  =  depth  of  up-cast  shaft  in  feet ;  t  and  ^  = 
absolute  temperatures  of  the  down-cast  and  up-cast  shafts  respectively  ;  j5= weight 
of  a  square  foot  of  water  1  inch  deep  (5*2  lbs.). 

The  difference  in  pressure  may  also  be  expressed   in  terms  of  the    'motive 

column,'*  as  M=d-^~^-, 

^2  X  40*7 

*  The  'motive  column  *  of  a  mine  is  the  term  ai)plied  to  a  column  of  air  of 
any  area  at  32*  F.,  equal  in  weight  to  the  ventilating  pressure  on  a  similar  area, 
or,  simply,  it  is  the  difference  in  heifrht  between  two  air  columns  of  different 
temperatures,  due  to  their  different  densities. 
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wh(»re  M  is  the  motive  column  in  ft.  at  temperature  of  down-cast  shaft,  D  the 
depth  of  up-cast  shaft  in  ft.,  t^  the  temperature  of  air  in  the  down-cast  in  degrees 
F.,  and  ^2  that  of  the  air  in  the  up-cast. 

Having  found  the  motive  column,  it  may  be  expressed  in  terms  of  pressure  per 
sq.  ft.,  thus^=M  X  W,  where  W  is  the  weight  of  a  cub.  ft.  of  air  at  temperature 
of  down-cast,  and  p  the  pressure  in  lbs.  per  sq.  ft. 

Taking  the  above  example  we  have 

M  =  600,^5^  =  96'9ft. 
and  p=M  X  W=96*6  X  -0766  =  7*42  lbs.  per  sq.  ft. 

The  water-gauge  may  also  be  expressed  in  terms  of  the  motive 

Mx  W 
column,  W.G.  =  —^7^ — .     It  will  be  observed  that  the  motive  column, 

as  ascertained  by  the  above  formula,  is  at  the  temperature  of  the 
down-cast  shaft,  and  at  a  pressure  of  14*7  lbs.  per  sq.  in.  Now  it 
is  evident  that  if  *  motive  column '  is  to  be  used  as  an  expression  of 
ventilating  power,  the  motive  column  of  each  mine  must  be  reduced 
to  some  definite  standard.  This  standard,  as  given  by  Mr  Atkinson, 
is  the  temperature  of  32"  F.  and  14*7  lbs.  per  sq.  in.  atmospheric 
pressure;  therefore,  to  ascertain  the  motive  colunm  under  any 
conditions  of  temperature  or  pressure^  and  reduced  to  above  standard, 
the  formula  will  become 

f  /1-3253  X  B\     /I  -3253  x  B\  \ 
=  \  \    459-Fj:i    /     V    459-i-^    J  Id 

I  -080728  J 

where  S= standard  motive  column 

B  =  height  of  barometer  in  inches 

^  =  temperature  of  down-cast  shaft 

^=  „  up-cast  „ 

D  =  depth  of  up-cast  in  ft. 

The  use  of  furnaces  underground  for  ventilation  is  objectionable 
and  not  to  be  recommended,  the  only  thing  that  can  be  said  in  their 
favour  being  that  they  are  very  much  cheaper  as  regards  first  cost 
than  fans.  They  have,  however,  many  disadvantages,  among  which 
may  be  noted : — 

(1)  The  possibility  of  an  explosion  from  a  sudden  outburst  of  gas. 

(2)  Shaft  repairs  can  only  be  carried  out  with  great  inconvenience, 

if  the  up-cast  is  used  as  a  winding  pit. 

(3)  The  expense  incurred  for  fuel  and  attendance  is  heavy  com- 

pared with  that  required  for  fans. 

(4)  Where  iron  tubbing,  rope,  or  iron  guides  are  used  in  shafts, 

great  damage  is  done  to  them  by  the  gases  given  off*  from 
the  furnaces  and  also  by  the  expansion  and  contraction  due 
to  the  variations  of  temperature. 

(5)  The  circulation  of  air  by  means  of  furnaces  may  become  very 

unequal,  depending  often  on  the  management  of  the  man 
in  charge. 
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As  already  stated,  the  efficiency  of  a  furnace  varies  directly  as  the 
depth  at  which  it  is  placed  and  the  fuel  consumption,  therefore  the 
horse  power  for  a  given  fuel  consumption  varies  inversely  as  the 
depth,  and  may  be  shown  as  follows :  * — 

T^  ^i-u  ^f  »!,  Fi.  :^  fi.  Fuel  consumed 


I  oi  snail,  lu  ih. 

per 

horse 

1  power  per  hour. 

250  ft. 

96  lbs. 

500  „ 

48    ., 

1000  „ 

24    „ 

1500  ,, 

16    ., 

2000  „ 

12    „ 

3000  „ 

8    „ 

4000  „ 

6    ., 

This  table  shows  that,  before  a  furnace  can  become  as  efficient  as 
an  engine  working  a  fan,  in  regard  to  the  fuel  consumed,  the  shaft 
would  require  to  be  nearly  3000  ft.  deep,  as  an  engine  for  driving  a 
fan,  if  in  good  condition,  should  not,  on  an  average,  consume  more 
than  8  to  10  lbs.  of  coal  per  horse  power  per  hour. 

The  difference  in  cost  and  upkeep  between  a  fan  and  furnace  plant, 
both  dealing  with  the  same  quantity  of  air,  may  be  taken  as 
under : — 

(2)  Cost  of  Furnace, 

Approximate 
Price. 
Estimate  for  building  and 

material,      .         .         .  £160    0    0 
Making     *  dumb  -  drift,* 
etc.,     .        .        .        .     100    0    0 


(1)  FaTis^  etc. 

Approximate 

Price. 

Two  double-flued   Lanca- 

shire  boilers   30    ft.  x 

7ift.,.        .        .        .£760    0 

0 

Guibal  fan  40  ft.  x  12  ft. 

(32    to    35    revs,     per 

minute),    with    engine 

complete,     .         .         .  1100    0 

0 

Buildings,forenginehou8e, 

fan  casing,  etc.,   .        ,     600    0 

0 

Sundries,         ,        .        .     100    0 

0 

Totel,     £2450    0 

0 

Cost  per  annum  (365  days). 

Interest  on   £2450    at  5 

percent.,     .        .        .  £122  10 

0 

Dcpreciationat5  per  cent.,     122  10 

0 

Repairs,  .         .         .         .       10     0 

0 

Stores,  furnishings,  etc., .       10    0 

0 

Dross  for  boilers  (3|  tons 

per  24  hours  at  Is.  6d. 

per  ton),      .         .         .102  13 

n 

Eijginemen's   wages  (two 

at  4s.  per  shift),   .         .     146    0 

0 

Total,  £518  13 

H 

Total,  £260    0    0 


Cost  per  annum  (365  days). 


Interest  on  £250  at  5  per 
cent.,  .... 

Depreciation  at  6  per  cent , 

Repairs, .... 

Tnping,  8}  tons  per  24 
hoars  at  38.  per  ton,    . 

Attendants*  wages,  three 
men  at  Ss.  6d.  each  per 
day,    .... 


£12  10 

12  10 

6    0 


479    1    8 


191  12    6 
Total,     £700  13    9 


Cost     of     famace     per 

annum,        .        .        .  £700  18    9 
Cost  of  fan  per  annnm,    .     618  18    1^ 
Difference   in   favour  of 

fan,     .        .        .        .     187    0    7J 


Lupton,  Mining^  p.  206. 
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The  shafts,  for  which  the  plant  in  the  above  estimates  were  re- 
quired, were  125  fathoms  deep.  In  a  more  shallow  mine  the  fan 
would  compare  to  even  greater  advantage. 

Mechanical  Ventilation. — Mechanical  means  of  ventilation  may  be 
divided  into  two  classes,  viz. : — 

(  Displacement  Machines 

(1)  Statical  Ventilators       <  or 

(  Air  Pumps. 

[  Exhausting 

(2)  Dynamical  Ventilators  <  or 

I      Compressing  Fans. 

Statical  ventilators  are  now  so  little  used  for  mine  ventilation 
that  they  need  not  be  described  here. 

Fans, — The  principle  on  which  all  centrifugal  fans  act  is  known 
as  centrifugal  motion.  In  the  case  of  a  fan  the  centrifugal  force 
drives  the  air  from  the  centre,  the  particles  being  revolved  in  a  circle 
by  the  fan  until  they  are  finally  thrown  off  at  a  tangent,  thus  creat- 
ing a  partial  vacuum  at  the  centre,  which  causes  a  further  supply  of 
air  to  enter,  and  thus  establishes  a  continuous  current.  In  general, 
such  ventilators  are  used  to  exhaust  the  air,  and  are  usually  placed 
at  the  top  of  the  up-cast  shaft,  but  they  may  also  be  used  as  forcing 
or  compressing  machines,  in  which  case  they  would  require  to  be 
placed  at  the  top  of  the  do>vn-cast. 

Of  centrifugal  ventilators  there  are  now  a  large  number  in  use, 
but  those  most  in  favour  are  the  *  Guibal,'  *  Waddle,'  *  Schiele,'  and 
*  Cappell '  types,  the  others  being  all,  more  or  less,  modifications  of 
one  or  other  of  these,  and  it  is  not  proposed  to  describe  more  than 
the  fans  above  mentioned. 

Selection  of  a  Fan. — It  is  desirable,  when  erecting  a  fan  to  do  a 
given  amount  of  work,  to  select  it  so  as  to  suit  the  varying  condi- 
tions under  which  it  must  act.  The  height  and  condition  of  the 
underground  roads  are  very  important  factors  in  determining  the 
type  of  fan  to  be  selected,  also  the  amount  of  room  at  disposal  for 
surface  arrangements ;  but  the  principal  considerations  are :  (1)  the 
useful  work  or  effect  given  out  by  any  fan  or  engine ;  (2)  the  first 
cost  of  fan  and  engine,  and  of  foundations,  engine  house,  fan  drift, 
etc. ;  (3)  the  space  required  at  the  surface  for  fan  and  engine  houses, 
etc. ;  (4)  the  relative  economy  of  fuel  and  stores  consumed  by  the 
different  types  of  fans;  (5)  the  cost  for  repairs  and  freedom  from 
stoppages  and  breakdowns. 

In  coming  to  any  decision,  especially  on  the  basis  of  a  maker's 
estimate,  it  is  nearly  always  safe  to  make  a  deduction  of  25  per  cent, 
to  30  per  cent.,  taking  the  amended  estimate  of  the  useful  work  that 
will  be  performed,  for  afterwards,  in  practical  working,  it  may  be 
fo\md  that  the  maker  of  the  fan  has  overestimated  the  merits  of  his 
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machine  by  that  amount,  and  it  is  always  better  in  any  case  to  have 
a  good  deal  of  surphis  power  in  case  of  an  emergency. 

Medium-sized  and  small  fans  with  quick-running  engines  are  now 
being  largely  used,  and  have  a  good  deal  to  recommend  them,  as 
they  are  economical  and  safe  in  working  and  take  up  little  space. 
One  objectionable  feature,  however,  is  the  noise  which  they  make 
while  working,  which  is  very  disagreeable,  especially  at  collieries 
situated  near  to  towns.  It  should  also  be  remembered  that  small 
fans  cannot  produce  volumes  of  air  equal  to  those  produced  by  large- 
sized  fans,  as  the  orifice  of  discharge,  which  determines  the  resistance 
of  the  fan  to  the  passage  of  the  air,  must  necessarily  be  less  for  a 
small  than  for  a  large  fan.  Where  large  volumes  of  air  are  required 
with  a  low  water-gauge,  a  fan  of  large  volume  will,  therefore,  be 
most  suitable. 

It  is  desirable  in  most  cases,  and,  in  fiery  mines,  almost  indispen- 
sable, to  have  a  duplicate  set  of  engines,  either  of  which  can  be  im- 
mediately attached  to  the  fan  in  case  of  a  breakdown.  Sometimes  a 
duplicate  fan  is  set  up,  both  fans  being  connected  to  the  fan-drift,  so 
that  either  can  be  worked  separately  for  a  week  or  a  fortnight  at  a 
time.  Examples  of  these  arrangements  can  be  seen  at  Earnock 
Colliery,  Hamilton,  and  Auchinraith  Colliery,  Blantyre;  at  the 
former  there  is  a  duplicate  set  of  engines,  while  at  the  latter  there  is 
a  duplicate  fan. 

Guihcd  Fan, — This  fan  is  usually  constructed  of  large  diameter, 
20  to  45  ft.,  the  width  being  |  to  ^  of  the  diameter,  while  the  central 
opening  is  about  J  of  the  diameter. 

The  Quibal  fan  works  in  a  brick  casing,  exhausting  the  air  into  an 
evasee  chimney,  and  is  now  usually  fitted  with  a  movable  shutter  a, 
to  regulate  the  opening  for  the  flow  of  air. 

The  fan  itself  is  made  of  eight  or  ten  straight  blades,  fitted  on  to  a 
central  casting  (figs.  412,  413);  in  large  fans  the  blades  are  made  of 
wrought  iron,  while  for  small  fans,  10  ft.  or  so  in  diameter,  they  may 
be  of  wood.  The  chief  objection  to  this  fan  is  its  large  size  and 
consequent  heavy  cost,  and  also  the  large  outlay  for  fan  chamber  and 
foundations.  The  great  width,  moreover,  causes  a  very  heavy  weight 
to  be  distributed  over  a  long  length  of  driving  shaft,  which  can  only 
be  supported  at  each  end,  and  consequently  requires  very  heavy 
shafting,  while  instances  have  occurred  where  the  shafting  has 
suddenly  snapped,  through  the  weight.  The  Guibal  fan  has,  however, 
from  recent  experiments,  proved  to  be  a  very  efficient  ventilating 
machine  under  widely  varying  conditions.  The  speed  of  the  fan 
varies  with  the  size,  a  fan  30  ft.  diameter  being  usually  driven  at 
from  fifty  to  sixty  revolutions  per  minute,  and  one  of  40  to  45  ft. 
diameter  at  forty  to  fifty  revolutions  per  minute. 

Waddle  Fan. — This  type  of  fan  is  of  the  large  open  running 
description,  and  is  the  best  of  this  class  of  ventilator.  It  requires 
no   fixed   casing  or   chimney,    but   delivers   the  air  all   round   its 
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circumferen  c  direct  into  the  atmosphere,  and  therefore  its  width  is 
reduced  at  the  periphery,  which  causes  it  to  be  very  narrow,  in  pro- 
portion to  its  diameter,  compared  with  the  Guibal  fan.  Its  diameter 
varies  from  20  to  50  ft.,  the  blades  a  h  being  12  in.  to  18  in.  wide  at 
the  circumference,  and  2^  to  4  ft.  wide  at  the  centre,  and  fixed  into 
the  casing,  c  c,  both  casing  and  blades  revolving  in  one  piece  (figs.  414, 
415),  which  tends  to  reduce  the  vibration,  which  is  so  noticeable  a 
feature  in  the  Guibal  fan.  All  the  Waddle  fans  are  now  being  made 
with  a  diverging  outlet,  i.e,  the  two  rims  projecting  beyond  the 
blades  are  inclined  outwards.  This  tends  to  reduce  the  velocity  of 
the  air  as  it  leaves  the  circumference,  and  also  requires  less  power 


Figs.  412,  413.— Guibal  Fan. 

for   drive   purposes.     Its   speed   is   forty   to   sixty   revolutions   per 
minute.     Some  of  the  advantages  claimed  for  this  fan  are : — 

(1)  Being  direct  driven,  it  causes  little  noise  and  vibration. 

(2)  As  it  requires  no  enclosed  casing  or  chimney,  the  first  cost  cf 

masonry  for  foundations,  etc.,  is  small. 

(3)  The  small  cost  for  repairs  per  annum. 

(4)  A  high  percentage  of  the  power  employed  is  rendered  effective. 

(5)  The  vibration,  and  consequently  the  wear  and  tear,  is  less  than 

in  the  Guibal  fan. 

Schiele  Fan. — This  fan  is  somewhat  like  the  Guibal  in  its  con- 
struction. It  has  the  same  expanding  chimney,  but  instead  of  the 
blades  being  straight,  they  are  curved  from  the  centre,  and  the  casing 
is  open,  while  the  width  of  the  blades  are  not  the  same  throughout, 
but  greatest  in  the  middle,  decreasing  towards  the  centre  and  the 
tips  (figs.  416,  417).     The  air  is  taken  in  at  both  sides  of  the  fan, 
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which  may  be  driven  either  direct  or  by  belting,  the  latter  method 
being  the  most  common.  In  size  the  fan  varies  from  5  to  15  ft.  in 
diameter,  with  a  width  at  the  circumference  of  1  to  3  ft.,  and  at  the 


Figs.  414,  415.— Waddle  Fan. 

centre  of  2  to  4  ft.     The  speed  varies  from  120  to  400  or  500  revolu- 
tions per  minute,  according  to  size. 
Its  chief  advantages  are  : — 

(1)  It  is  moderate  in  size,  and  occupies  little  space  at  the  surface. 

(2)  Freedom  from  vibration  and  small  cost  for  upkeep. 

(3)  The  shaft  bearings,  not  being  in  the  return  airway,  are  easier 

seen  and  more  readily  available  for  repairs. 
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Cappell  Fan. — Like  the  Schiele,  this  fan  is  of  the  small  quick- 
running  type.  It  is  constructed  of  two  concentric  cylinders,  an 
outer  and  inner  one,  each  having  six  curved  blades  or  vanes,  the 
convex  sides  of  which  are  in  the  direction  of  rotation  (figs.  418,  419). 

*  The  cylinders  (1)  contain  port-holes  (2)  between  the  two  sets  of 
blades,  the  air  passing  through  these  port-holes  between  the  inner  and 
outer  chambers  ;  the  air  is  taken  in  at  the  centre  and  thrown  off  the 
inner  blades  into  the  outer  chamber  by  centrifugal  force  at  a  high  velo- 


Fig.  416.— Schiele  Fan. 


city.  It  then  strikes  against  the  outer  blades,  and  gives  back  the 
greater  part  of  the  impulse  received  from  the  inner  blades,  which  re- 
duces its  velocity  when  discharged.  Velocity  imparted  to  the  outgoing 
air  always,  it  should  be  noted,  diminishes  the  efficiency  of  the  fan. 

In  size  this  fan  varies  from  8  to  15  ft.  in  diameter,  with  a  width 
of  7  to  11|  ft.,  and  it  is  worked  at  speeds  of  180  to  300  revolutions 
per  minute.  The  advantages  claimed  for  this  fan  by  the  makers 
are: — 

(1)  It  can  do  a  large  amount  of  useful  work  in  proportion  to  its 
size. 

*  Ore  and  Stone  Mining,  C.  Le  Neve  Foster,  p.  495. 
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(2)  Smallness  of  fan  reduces  the  capital  outlay 

(3)  It  can  withdraw  large  quantities  of  air. 

The  latest  type  of  this  fan  is  shown  in  figs.  420,  421. 

Walker  Fan. — This  fan  (fig.  422)  is  constructed  somewhat  like  the 
Guibal,  but  it  also  combines  other  ty[)es.  It  may  be  termed  a  medium- 
sized  fan,  as  it  is  generally  from  20  to  25  ft.  in  diameter.  It  is  built 
exclusively  of  iron  and   steel.     On  the  main  shaft  are  fitted  two 


^....nivj 


Fig.  417.— Schiele  Fan. 

strong  cast-iron  bosses,  which  extend  lengthwise  on  each  side  towards 
the  journals,  thus  distributing  the  weight  of  the  fan  over  a  consider- 
able portion  of  the  shaft.  Between  the  bosses  are  placed  two  discs 
of  steel,  of  uniform  thickness,  bored  in  the  centre  to  lit  the  fan  shaft. 
Between  these  two  discs,  and  gripped  tightly  by  them,  are  fixed  the 
iron  arms  of  the  fan  in  pairs.  These  arms  extend  from  near  the  axis 
of  the  fan  to  its  periphery,  being  supported  half-way  by  the  discs. 
In  the  small  spaces  between  the  discs  which  are  not  occupied  by  the 
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fan  arms,  there  are  inserted  annular  plates.  The  whole  portion  out- 
side the  boss  is  then  securely  riveted  together.  Angle  irons  are 
riveted  to  the  fan  arms  where  tliey  extend  beyond  the  discs,  and  to 
these,  eight  in  number,  are  firmly  secured  the  cross  section  of  the 
arm  and  vane  in  the  form  of  a  letter  T,  the  top  of  the  T  represent- 
mg  the  vane  and  the  surface  pressing  against  tlie  air.     The  vanes, 


Figs.  418,  419.— Cappell  Fan. 

which  spring  tangentially  from  a  small  circle  concentric  with  the  fan 
shaft,  are  curved  longitudinally  to  the  arc  of  a  circle  of  a  certain 
radius,  and  are  cut  away  from  the  edge  of  the  inlet  to  the  fan  shaft 
to  minimize  central  resistance.  It  is  very  necessary  to  minimize  the 
slipping  of  the  air  between  the  sides  of  the  vanes  and  the  walls  of 
the  fan  chamber.     The  vanes   cannot  be  brought  too  close  to  the 


Figs.  420,  421.— Latest  Type  of  Cappell  Fan. 


walls,  as,  in  the  event  of  any  side  movement,  they  might  catch  and 
be  injured.  This  clearance  space  is,  therefore,  filled  up  by  attaching 
strips  of  pliable  hoop  iron  to  the  sides  of  the  vanes. 

The  fan  is  also  fitted  with  the  Walker  anti-vibrating  shaped 
shutter.  In  the  ordinary  Guibal  fan,  as  each  blade  or  vane  passes  the 
lower  edge  of  the  shutter,  a  pulsatory  action  of  vibration  takes  place. 
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This  vibration  is  caused  by  the  too  abrupt  cessation  of  the  delivery  of 
the  air  from  the  fan  vanes  or  blades  as  they  pass  the  opening  to  the 
cliimney,  and  for  this  the  shape  of  the  regulating  shutter  is  respon- 
sible. The  upper  part  of  this  opening,  formed  by  the  shutter  as 
hitherto  constructed,  has  a  line  parallel  to  the  tips  of  fan  vanes,  and 
as  the  fan  revolves  these  lines  become  identical ;  the  delivery  of  the 
air  is,  as  a  consequence,  abruptly  interrupted.  While  discharging  the 
air,  the  pressure  is  against  the  front  of  the  vane,  but  immediately 
the  latter  enters  the  fan  casing  the  load  upon  it  is  suddenly  removed, 
and  the  pressure,  owing  to  the  vacuum  within  the  casing,  is  instan- 
taneously reversed,  and  causes  an  upward  rebound  of  the  previously 
depressed  blade,  with  the  result  that  a  dangerous  degree  of  vibration 
is  set  up.  The  Walker  anti-vibrating  shutter,  as  attached  to  the  fan, 
removes  this  evil  by  effecting  a  perfectly  gradual  change  in  the 
Dressure  on  the  vanes,  and  so  governs  the  discharge  of  the  air  as  to 


Fig.  422.— Walker  Fan. 


cause  it  to  pass,  without  objectionable  eddying,  in  a  continuous 
stream  from  the  fan  vanes  into  the  chimney,  instead  of  intermittently, 
and  without  the  pulsatory  action  described.  The  shutter  is  con- 
structed in  sections,  any  of  which  can  be  removed  for  the  purpose  of 
adapting  the  area  of  the  opening  to  varying  duties  of  the  fan.  The 
fan  is  usually  driven  by  rope  gearing. 

Dimensims  of  Fan  for  a  Given  Quantity  of  Air. — This  is  not  a 
matter  that  is  very  easily  determined,  and  in  erecting  a  fan  it  is 
always  as  well  to  get  practical  details  of  the  work  performed  by 
other  fans  at  work  in  the  same  neighbourhood,  i.e.  under  much  the 
same  conditions.  Mr  A.  L.  Stevenson  says  the  actual  size  is  to  some 
extent  a  matter  of  practical  experience,  and  he  recommends  the 
following  dimensions  for  varying  volumes  of  air  : — 

Under  50,000  cub.  ft.  per  minute,  30  ft.  diameter. 
50  to  100.000         „  „  35  „ 

100  to  150,000         „  „  40  „ 
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No  fan  should,  however,  exceed  50  ft.  in  diameter. 

The  author  would  incline  to  the  belief  that  large  fans  are  a 
mistake,  as  better  work  can  be  got  by  using  medium-sized  fans,  20 
to  30  ft.  diameter,  of  tlie  Waddle  type,  especially  where  the  seams 
worked  are  of  a  fair  height,  and  where  the  airways  can  be  kept  in 
good  order. 

Speed  of  Fan, — This  will  altogether  depend  on  the  size  and  weight 
of  the  fan,  for  there  is  a  limit  to  the  angular  velocity  at  which  a  fan 
may  be  driven,  and  to  go  beyond  which  would  be  dangerous.  As  a 
rule  the  velocity  of  the  periphery  may  vary  from  90  to  110  ft.  per 
second,  the  latter  being  a  practical  limit  for  medium  or  large-sized 
fans. 

According  to  the  Coal  Mines  Regulation  Act,  fans  require  to  be 
placed  some  distance  back  from  the  mouth  of  the  shaft,  and  the  top 
of  the  shaft  ought  to  be  lightly  covered  over  to  give  way  easily  in 
the  event  of  an  explosion  occurring.  Fans,  as  already  noted,  may  be 
either  compressing  or  exhausting.  The  former  require  less  power  to 
drive  them  than  the  latter.  The  exhaust  fan  rarefies  the  air  in  the 
interior  of  the  mine  and  accelerates  the  escape  of  gas  from  the  waste 
workings.  The  compressing  fan,  on  the  other  hand,  renders  the  air  in 
the  mine  denser  and  lessens  the  escape  of  gas.  A  falling  barometer 
would  intensify  the  evil  of  using  an  exhaust  fan  by  rarefying  the  air 
to  a  still  greater  extent.  At  the  same  time,  it  is  safer  to  employ  a 
fan  which  promotes  the  escape  of  gas  from  the  workings,  provided 
there  is  an  ample  supply  of  air  available  with  which  to  dilute  it. 

In  the  case  of  a  colliery  where  choke-damp  is  given  off  in  the 
workings,  it  might  be  advisable  to  use  a  compressing  fan  to  prevent 
the  escape  of  this  gas  into  the  working  faces. 

At  the  Clyde  CoUieries,  Hamilton,  experiments  were  made  with  com- 
pressing and  exhausting  fans,  the  results  of  which  gave  an  apparent 
advantage  to  the  compressing  type,  but  the  experiments  were  not 
carried  out  fully  enough  to  allow  of  definite  conclusions  being  arrived 
at. 

There  are  cases,  however,  where  compressing  fans  have  been  used 
to  advantage,  and  given  a  larger  quantity  of  air  than  an  exhaust  fan 
imder  the  same  conditions.  One  such  case,  with  which  the  writer  is 
acquainted,  was  at  a  small  colliery  where  there  were  two  shafts,  one 
about  90  fathoms  deep  and  the  other  50  fathoms ;  and  as  they  were 
separated  by  a  distance  of  800  or  900  yds.,  and  no  coal  was  being 
drawn  from  the  deepest  shaft,  it  was  desired  to  remove  the  fan  which 
was  on  this  pit  to  the  other  one,  to  save  boiler  power.  This  was 
done ;  and  when  it  was  fitted  up,  at  the  50  fathoms  pit,  as  an  exhaust 
fan,  it  was  found  to  be  totally  inadequate  to  supply  the  quantity  of 
air  required.  It  was  then  altered  to  a  compressing  fan,  making  the 
deep  pit  the  up-cast,  with  the  result  that  nearly  50  per  cent,  more  air 
was  circulated  in  the  workings.  In  this  case  it  was  a  distinct  advan- 
tage to  have  the  fan  forcing  instead  of  exhausting  the  air ;  but  the 
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superiority  of  the  compressing  fan  in  this  instance  may  have  been 
largely  due  to  the  assistance  it  received  from  natural  ventilation, 
owing  to  the  deeper  shaft  having  been  made  the  up-cast,  and  the 
apparent  inferiority  of  the  exhausting  fan  may  have  been  due  to  the 
fact  that  it  had  to  draw  the  air  from  the  deep  shaft  through  a  long 
stretch  of  old  workings.  If  a  forcing  fan  is  used,  the  down-cast 
shaft  must  be  covered  over,  which  renders  it  inconvenient  for  winding, 
pumping,  and  haulage  ropes,  etc.  Again,  in  the  event  of  an  explosion 
occurring,  the  disastrous  effects  and  force  of  the  explosion  are  nearly 
always  felt  most  keenly  in  the  down-cast  shaft ;  and  if  the  ventilation 
was  carried  out  on  the  compressive  principle,  the  fan  would  m  all 
probability  be  wrecked  by  the  force  of  the  explosion,  putting  a  stop 
to  the  circulation  of  air  when  it  was  most  required.  On  the  other 
hand,  with  an  exhausting  fan  placed  on  the  up-cast  shaft,  an  explosion 
might  occur  and  the  fan  remain  intact,  which  is  a  great  advantage 
under  such  circumstances.  Taking  everything  into  account,  and 
the  fact  that  the  great  majority  of  collieries  are  ventilated  on  the  ex- 
haustive principle,  it  would  appear  that  the  exhausting  fan  is  the 
most  suitable  for  general  colliery  work. 

Advantages  of  Fans  over  Furnaces. — (1)  They  will  not  ignite  gas; 
(2)  are  more  under  command  and  better  suited  for  repairs ;  (3)  the 
quantity  of  air  passed  is  more  regular  and  more  easily  varied  at 
will ;  (4)  less  cost  incurred  for  upkeep  and  attendance,  and  smaller 
consumption  of  fuel,  stores,  etc. 

Cost  of  Fans. — The  price  of  fans  is  a  very  variable  item,  but  the 
following  are  taken  from  some  makers'  estimates  for  fans  to  deliver 
1 20,000  cub.  ft.  of  air  per  minute,  with  a  water-gauge  of  3".* 

Schiele  Fan,  10  ft.  diameter,  with  engine  20  in.  diameter  x  24  iiu 

stroke,  with  driving  belt,  etc.,  .  .  •  .  •        £600 

Waddle  Fan^  21  ft.  diameter,  with  engine  2Q  in.  diameter  x  21  in. 

stroke,  complete,        .,.,...  590 

Ouibal  Fatif  27  ft.  diameter,  with  engine  18  in.  diameter  x  36  in. 
stroke,  con)plete,       .......  850 

Chandler'  Fail,  13  ft.  diameter,  with  patent  silent  running  Chandler 
engine,  ........  700 

Walker* s  Patent  Fan^   with  patent   an ti- vibration   shutter,   engine 
16  in.  diameter  x  36  in.  stroke,  .....  603 

Cappell  Fan,  12  ft.  x5  ft.  6  in.  open  running,  with  semi-compound 
engine  16  in.  diameter  X  14  in.  stroke,  ....  360 

In  addition  to  the  above  prices,  the  brickwork  for  a  Guibal  fan  would  cost  on 
an  average  £130  to  £150,  and  that  for  a  Cappell  fan  about  £70. 

Quantity  of  Air  delivered  by  a  Fan, — The  quantity  of  air  delivered  by  a  fan  is 
not  easy  to  ascertain,  as  no  two  fans,  even  of  the  same  make,  will  give  the  same 
quantity,  even  when  tried  under  the  same  conditions.  A  great  deal  depends  on 
the  condition  of  air-courses,  etc.  No  simple  formula  has  hitherto  been  deduced 
for  calculating  the  quantity  of  air  that  a  fan  will  circulate  ;  but  the  result  may 
be  approximately  arrived  at  by  the  formula — 

Q=  -65  V(2K)60  au  or  Q=  •65^/(2KJ  3-1416  DRa. 

*  These  prices  were  quoted  iu  1896  ;  the  cost  of  fans  at  present  (1900)  will  be 
20  to  25  per  cent,  higher. 
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Where  Q= total  quantity  of  air  in  cub.  ft  per  min. ;  '65= co-efficient  of  the 
tena  cmtracta  ;  K  =  uianometrical  efficiency  ;  w= tangential  speed  of  fan  in  ft. 
per  second  ;  D  =  diameter  of  fan  iu  feet ;  R  =  revolutions  of  fan  per  min.  ;  a  = 
equivalent  orifice  of  mine  in  sq.  ft. 

Example. — ^What  quantity  of  air  should  a  Guibal  fan,  30  ft.  diameter  and 
making  forty  revolutions  per  minute,  deliver,  if  the  equivalent  orifice  of  the 
mine  is  20  sq.  ft.  ? 

Q=  -65  V(2  X  -69)  X  3-1416  x  30  x  40  x  20 
= -65  X  1-17  X  3-1416x24000 
=  56819-48  cubic  feet  per  minute. 

The  water-gauge  (theoretical)  that  can  be  obtained  from  a  perfect  fan  may  be 

IT* 

found  from  the  formula  h=—  *  where  A = ventilating  pressure  in  height  of  air 

column,  and  1;^= velocity  of  periphery  of  fan  in  feet  per  second. 

90*-^ 
Take  the  speed  of  fan  periphery  at  90  ft.  per  second,  h=  go  =253*12  feet,  and 

with  a  column  of  253*12  ft.  of  air,  say  at  70°  F.  and  30  in.  bar.,  the  pressure 

1  -3253  X  30  19  *02 

~ '  70  X  459'  ^  253'12=19-02  lbs.  per  sq.  ft,  and  the  W.G.  =  -^7^  or  3-65  ins. 

The  same  result  may  be  arrived  at  by  the  formula  h=  ,  xl2* 

where  h  is  the  height  of  motive  column  as  before  ;  W.G.  the  height  of  water- 
gauge  in  inches  ;  d  the  density  of  water =1000  ;  and  d^  the  density  of  air  1*2. 

The  eflFective  water-gauge = Theoretical  W.G,  xK  (or  manometric  efficiency), 
and  the  value  of  E  for  difierent  fans  varies  for  difierent  sizes.  The  manometrical 
efficiency  is  the  ratio  of  the  water-gauge  observed  in  practice  to  the  theoretical 
water-gauge    deduced    from  calcuUtion   as    shown  above,   or  by  the  formula 

^_  trn£  .  ^  ijging  the  weight  of  1  cub.  ft  of  air  at  temperature  of  shaft 

Relatively,  the  value  of  E  for  Guibal  fan  is  '69,  that  for  Waddle  fans  *60,  and 
for  Schiele  fans  '50. 

In  fans  of  the  Guibal  type  the  actual  water-gauge  is  often  more  than  the 
theoretical  W.G.  (from  ^  to  J),  but  this  is  not  always  the  case,  as  it  is  some- 
times less. 

The  amount  of  useful  effect  produced  by  a  fan  is  found  by  carefully  measuring 
the  quantity  of  air  put  in  circulation  and  measuring  the  water-gauge ;  the  H.P. 

.      ,      .      QxW.G.  x5-2 
'^*^«*"^= 33000 

While  the  air  measurements  are  being  taken,  the  speed  of  the  fan  engine  is 
carefully  noted  and  indicator  diagrams  taken,  from  which  the  mean  effect  of 
steam  pressure  acting  in  the  cylinder  is  ascertained. 

,     rxT^     i.        .        D2x-7854xPxLx2xR      ^       ^  ,     ,     ^. 
Then  the  H-P.  of  engine  = qaooo ^  »  where  D  is  the  diameter 

of  cylinder  of  engine  in  inches  ;  P,  the  effective  pressure  of  steam  acting  on  piston 
in  lbs.  per  sq.  in. ;  L,  the  length  of  stroke  in  feet ;  and  R,  the  revolutions  of 
crank  per  minute. 
Then  the  useful  effect  of  fan  will  be  as  H.  P.  in  air  :  H.  P.  in  engine. 

Example, — If  the  total  quantity  of  air  passing  is  160,000  cub.  ft.  per  minute 
with  a  W.G.  of  2  in.,  the  fan  engine  being  20  in.  diameter  with  a  3 J  ft.  stroke, 
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goinpj  at  forty  revolutions  per  minate,  with  an  effective  steam  pressure  of  40  lbs. 
per  sq.  in.,  what  would  be  the  efficiency  of  the  fan  ? 

H.P.  in  ai,^160000x2x5-2^so. 
33000 
H.P.  in  engine=18!ii:Z854x^x31><2x40^8g.3g^ 

The  efficiency  of  the  fan  will  therefore  be  as  50  42  :  86*36  or  '58,  which 
multiplied  by  100  =  58  per  cent. 

Equivalent  Orifice. — The  theory  of  the  equivalent  orifice  of  a  mine  was  first 
investigated  by  the  French  engineer  M.  Margue,  and  may  be  stated  thus :  — 
The  air  passing  through  the  workings  of  a  mine  meets  with  a  certain  amount  of 
resistance.  If  we  imagine  that  all  the  air  is  entering,  not  through  the  mine 
workings,  but  through  an  orifice  or  aperture  in  a  thin  plate,  then  the  equivalent 
orifice  for  any  mine  would  be  the  aperture  in  that  plate,  of  an  area  such  that  a 
resistance  would  he  offered  to  the  entrance  of  the  air  equal  in  amount  to  that  caused 
by  the  miTie  workings. 

If  we  call  Q  the  quantity  of  air  in  thousands  of  cub.  ft.  per  minute,  W.G. 
the  water-gauge  in  in.,  and  A  the  area  of  equivalent  orifice  in  sq.  ft,  then 

^/WG        ^  A 

Example, — The  volume  required  to  pass  being  190,800  cub.  ft.  per  minute 
under  3  in.  of  W.G. ,  what  would  the  equivalent  orifice  be? 

^^^     /190800\ 

A= \  l^^^  >^=40'8  sq.  ft. 

n/3 

Example, — What  size  of  fani  making  sixty  revolutions  per  minute,  and  giving 
an  efficiency  of  60  per  cent.,  would  be  required  to  pass  60,000  cub.  ft.  of  air  per 
minute,  the  equivalent  orifice  of  the  mine  being  20  sq.  ft? 

This  problem  may  be  worked  out  in  two  different  methods,  but  we  may  proceed 

by  the  formula,  k  =  ^^^=B.. 
^/WG 

To  find  the  water-gauge — 

0-37  x?2???  

20= 7=^.-.  20  VWG=22-20  and  WG  =  /^?|^^V=1 '23  inches. 

^/WG  V    20   / 

We  may  find  the  velocity  of  the  periphery  of  the  fan  by  formula  W.G. 
=  -00045  tr*.     Then 

1-23=  -00045  v^,  or  irJ=  J-f£^  and  v=52-32  ft  per  second. 

As  the  fan  is  making  sixty  revolutions  per  minute,  the  diameter,  supposing 
its  efficiency  to  be  100  per  cent,  would  be 

i;x60     _  52-32x60  _^g.g  t^ 
Rx3-1416     60x3-1416" 

But  the  fan  has  an  efficiency  of  60  per  cent,  only ; 

.-.  the  diameter=^-^*^^^^^^  =  27-6  ft 

so  that  to  pass  a  volume  of  60,000  cub.  ft  per  minute,  with  an  equivalent  orifice 
of  20  sq.  ft,  we  would  require  a  fan  27  6  ft  diameter,  making  sixty  revolutions 
per  minute. 
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Guiding  and  Conducting  the  Air  Current. — In  no  part  of  colliery 
work  does  so  much  thought  and  care  require  to  be  expended  as  in  the 
arrangements  for  guiding  and  conducting  the  different  underground 
air  currents.  In  many  collieries  large  quantities  of  air  can  be 
measured  in  the  intake  and  return  airways  near  the  shafts,  but  the 
actual  amount  that  really  reaches  the  working  faces — the  most 
important  point — is  often  comparatively  small.  To  ensure  the  maxi- 
mum quantity  reaching  the  working  faces,  the  main  air  current  will 
have  to  be  split  into  as  many  currents  as  are  necessary  for  each  indi- 
vidual colliery,  and  each  of  those  currents  carefully  conducted  to  the 
working  faces  by  means  of  air-crossings,  trap-doors,  bratticing, 
screens,  etc. 

Air-Crossings. — When  two  currents,  an  intake  and  return,  have  to 
cross  each  other,  an  air-crossing  will  require  to  be  constructed,  so 
that  they  may  not  intermix.  Where  the  strata  are  hard  and  free 
from  open  fissures  the  air-crossings  may  easily  be  constructed  to  pass 


Fig.  423.— Air-Crossing. 

over  each  other  (fig.  423),  but  where  the  strata  are  soft  and  friable, 
an  air-crossing  has  often  to  be  built  of  brickwork  and  wood,  or 
brickwork  and  iron.  Whatever  method  is  adopted,  the  crossing 
ought  to  be  thoroughly  air-tight. 

Trap-Doors, — In  all  collieries  a  number  of  trap-doors  are  required, 
either  on  the  main  roads  or  on  some  of  the  subsidiary  haulage  roads. 
As  few  doors  as  possible  ought  to  be  used  on  the  main  haulage  roads, 
as  they  are  often  dangerous  in  these  positions,  unless  attended  by  a 
*  trapper,' and  they  are  also  expensive  to  keep  in  order  and  repair, 
owing  to  the  continual  squeeze  on  the  strata,  which  tends  to  con- 
stantly crush  the  frames  out  of  position  and  shape.  Figs.  424,  425 
show  the  method  of  fixing  an  ordinary  trap-door  on  undergroxmd 
roads.  The  door  is  usually  made  of  wood,  1  to  1 J  in.  thick,  hinged  to 
frames  6  or  7  in.  square.  An  iron  bow  is  fixed  in  front  for  the  tubs  to 
strike  and  to  facilitate  their  passage.  All  doors  should  be  made  so 
that  they  will  close  automatically,  which  can  be  easily  accomplished 
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if  they  are  properly  hung  with  the  right  amount  of  *  lean-to  *  at  the  top. 

Sometimes  a  weight  and  pulley 
are  attached  to  trap-doors  to 
assist  in  closing  them,  but 
unless  these  are  carefully  fitted 
up  and  often  examined  they 
are  sure  to  get  out  of  order, 
and  do  more  harm  than  good. 
Fig.  426  shows  a  very  simple 
and  effective  method  of  auto- 
matically closing  trap-doors. 

To  the  door  D  is  fixed  a  bar 
of  wood  A,  6  or  7  in.  square, 
set  at  such  an  angle  as  to 
clear  the  approaching  tubs  at 
the  end  imconnected  to  the 
door.     This  end  works  on  a 

Fios.  424.  425.-Trap-door.  '?^^'   P^^^  ^'  /^^d   at  the 

'^  Side   of  the   road,    and   clear 

of  the  rails.     As  the  tubs  approach  they  first  strike  the  horizontal 


Fi(3.  426.— Automatic  Closing  Door, 
bar  and  gradually  push  the  door  open,  the  sides  of  the  tub  rubbii»g 
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against  the  bar  until  they  pass  through.  After  they  have  passed, 
the  door  closes  of  itself,  the  weight  of  the  attached  bar  of  wood 
helping  to  draw  it  back.  This  apparatus  is  easily  attached  to  any 
door,  and  will  work  well  on  haulage  roads,  especially  with  slow  speed 
haulage,  without  a  *  trapper '  being  required  to  attend  to  it. 

An  automatic  door,  such  as  is  used  for  main  haulage  roads  in  some 
districts  in  Germany,  is  shown  in  figs.  427,  428.     It  is  made  of  wood, 


Figs.  427,  428. — Automatic  Doors. 

covered  with  felt,  and  hinged  to  the  brickwork.  To  facilitate  working 
it  is  hung  slanting.  On  the  inside  there  is  fastened  a  half-hoop  of 
strap-iron  a,  lower  than  the  top  of  the  tub.  Behind  the  door  is 
fixed  a  prop,  or  else  a  bolt  ft,  made  of  round  bar  iron  and  held  in  a 
socket  fastened  to  the  wall.  When  the  door  is  opened  the  bolt  is 
about  4  in.  from  the  edge,  and  on  turning  engages  with  it,  and  when 
it  closes  the  bolt  hangs  down.  On  the  approach  of  the  tubs  the  door 
is  opened  by  the  pony-driver,  and  is  caught  by  the  bolt  b.     After  the 
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horse  has  passed  the  door,  the  first  tub  presses  against  the  hoop  a, 
and  so  pushes  the  door  against  the  wall,  in  consequence  of  which  the 
bolt,  now  liberated,  returns  to  its  original  position.  The  door  is  held 
open  by  the  tubs  as  they  pass,  and  after  the  passage  of  the  last  tub 
closes  of  itself. 

An   ingenious   self-closing   door,*    which    was   first   exhibited    in 
working  order  at  the  Newcastle  Mining  Exhibition,  is  shown  in  figs. 

429,  430.  The  door  is  made 
in  two  halves,  and  hung  by 
pulleys  which  travel  on  rails,  in- 
clined from  both  sides  towards 
the  centre  of  the  road,  which 
allows  the  two  halves  to  come 
together  by  their  own  weight. 
About  2  ft.  from  the  bottom 
of  each  division,  and  attached 
to  the  edge  of  each  door,  is  an 
angle-iron  aa^  7  or  8  ft.  long, 
the  outer  end  of  this  angle-iron 
being  attached  to  an  eye-bolt 
fastened  to  a  prop  e  c  clear 
of  the  rails.  As  the  tubs 
approach,  they  first  strike  the 
angle-iron,  gradually  opening 
the  two  leaves  of  the  door, 
which  close  again  as  the  tub 
passes  out  from  between  the 
corresponding  bars  on  the 
opposite  side.  The  door  is 
opened  and  shut  in  a  similar 
manner  when  a  tub  passes 
through  it  in  the  opposite 
direction. 

In  the  ordinary  trap-door  the 
tubs  often  strike  very  hard,  but 
in  this  case  the  doors  are  opened 
without  shock.  On  main  roads, 
where  the  doors  serve  as   the 


Figs.  429,  430. —Self-closing  Door. 


only  partitions  between  the  main  intake  and  return  airways,  there 
should  be  at  least  two  doors,  each  separated  by  a  distance  sufficient 
to  accommodate  the  full  train  of  tubs,  and  permit  the  first  door  to 
close  before  the  second  one  opens. 

Brattice, — In  most  underground  workings  there  will  be  certain 
places  that  require  air  conducted  to  them  by  means  of  *  bratticing ' ; 
this  is  especially  the  case  in  pillar  and  stall  workings,  or  where  close 
or  stone  drifts  are  being  driven. 

♦  Trails,  Min,  hist.  Scot,,  vol.  ix.  p.  123, 
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When  a  close  or  stone  drift  has  to  be  driven  to  any  considerable 
length,  and  where  the  road  has  to  be  divided  to  form  an  intake  and 
return  airway,  the  central  division  is  best  made  of  masonry  (fig.  431). 
If  the  roof  is  good,  and  no  great  crush  anticipated,  a  4 J  in.  brick 
wall  may  suffice,  but  it  is  best  to  build  it  9  J  to  14  in.  thick.  Some- 
times only  a  small  brick  quadrant  is  built  in  roads  where  traffic  is 
difficult,  such  as  steep  inclines  or  low-roofed  ways  (fig.  432).  A  half 
wall  may  be  built,  and  a  longitudinal  plank  laid  on  it,  from  which 
boards  are  laid  across  to  the  side  of  the  heading  (fig.  433),  the  seams 
in  the  top  boards  being  well  filled  with  good  clay,  or  mortar,  and 
afterwards  covered  over  with  brattice  cloth. 

Wood  brattice,  or  a  combination  of  wood  with  cloth,  is  largely 
used  for  short  distances,  such  as  occur  in  pillar  and  stall  workings. 


Figs.  4a  1,  432,  433.— Veutilatiug  Close  Drifts. 

To  fix  the  brattice  cloth,  planks  1 1  in.  x  |  in.  are  nailed  along  the 
top  of  the  props  and  at  the  bottom  close  to  the  floor.  The  cloth  is 
fixed  tightly  to  these  planks,  and  also  to  the  props,  by  means  of 
short,  flat-headed  nails.  The  greatest  care  must  be  exercised  in 
fitting  the  joints  of  the  cloth,  and  in  having  such  joints  opposite  a 
post,  as  well  as  in  the  fixing,  top  and  bottom,  for  imless  this  sort  of 
brattice  is  well  fitted  together,  it  becomes  difficult  to  convey  a 
current  of  air  for  more  than  30  or  40  yds. 

In  places  where  much  fire-damp  is  given  off,  it  is  often  difficult  to 
keep  the  face  clear  by  means  of  brattice  at  a  distance  of  20  yds. 

In  dividing  the  road  by  bratticing,  the  spaces  for  intake  and  return 
are  generally  of  imequal  area ;  and  in  such  cases  it  is  the  general  rule 
to  make  the  narrow  way  the  intake,  and  the  wide  tram  road  the 
return.  If  the  current  of  air  is  sluggish,  this  is  undoubtedly  the 
best  method,  as  by  making  the  small  area  the  intake  it  will  increase 
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the  velocity,  and  a  supply  of  air  may  suflfice  to  keep  the  face  clear, 
which  if  brought  in  by  the  wider  way  would  have  been  quite  in- 
adequate for  such  a  purpose.  If,  however,  the  air  can  be  supplied 
in  large  quantities,  it  can  best  be  brought  through  the  wider 
way. 

In  long-wall  workings,  fire-damp  often  accumulates  at  the  face  of 
the  ripping,  and  in  such  a  case  a  *  hurdle '  screen  ought  to  be  set  up 
to  clear  it  out  (figs.  434,  435).  A  hurdle  screen  is  fitted  up  by  fixing 
a  crown  or  strap  across  the  road,  and  leaving  a  space  18  in.  or  2  ft. 
between  it  and  the  roof.  Two  legs  or  props  are  set  up  to  the  cross- 
piece,  and  the  screen-cloth  firmly  nailed  to  it. 

In  all  branch  roads  of  a  long-wall  working,  screens  must  be  fixed 
to  prevent  the  air,  which  is  generally  required  to  travel  round  the 


Figs.  434  and  435. 

faces,  from  passing  away,  unless  under  exceptional  circumstances. 
Fire-damp  often  accumulates  in  the  open  spaces  between  the  packs 
in  long-wall,  and  is  often  very  troublesome.  When  this  occurs,  it  is 
cleared  out  either  by  conducting  a  current  into  such  spaces  by  fixing 
a  screen  along  the  face,  or  by  resorting  to  *  split  buildings.'  In  this 
latter  method  the  building  or  pack  wall  is  not  built  right  along,  but 
at  certain  intervals  a  space  of  2  to  4  ft.  is  left,  and  an  airway  formed 
through  the  waste,  so  as  to  clear  out  any  accumulations  of  gas  which 
may  have  lodged.  Such  airways  are  often  difficult  to  maintain  and 
keep  in  repair,  and  new  ones  will  require  to  be  opened  at  short 
intervals. 

Air  Pipes, — Instead  of  using  brattice,  wooden  boxes  or  sheet-iron 
pipes  are  sometimes  used,  and  are  very  convenient,  but  great  care 
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ft.  square,  or  even 


wo 


must  be  taken  that  they  are  efficient.  Where  such  means  are  used 
the  volume  of  air  conveyed  to  the  face  may  be  sufficient  to  clear 
away  the  gas  at  the  point  of  delivery,  but  at  a  short  distance  back 
from  the  face,  where  the  velocity  of  air  is  much  reduced,  gas  may 
accumulate  in  dangerous  quantities. 

The  wooden  air-boxes  arc  made  from  1  ft.  to  2 
larger,  and  are  made  of  |  in.  boards  fitting  closely. 
Sheet-iron  pipes  from  1  ft.  to  2  ft.  diameter  are 
also  used. 

Instniinents  used  at  Collieries.  —  lliermo- 
ineter. — A  thermometer  consists  of  a  closed  glass 
tube,  with  a  capillary  bore  in  the  upper  part, 
and  a  bulb  below  containing  mercury  or  spirits 
of  wine,  and  provided  with  a  graduated  scale 
having  two  fixed  points,  viz.,  freezing  point  and 
boiling  point.  There  are  three  different  kinds 
of  thermometers  according  to  the  scale  adopted 
for  recording  the  temperature,  viz.,  the  Fahren- 
heit, Centigrade,  and  Reaumur. 

Reaumur  divided  the  space  between  the  freez- 
ing and  boiling  points  into  80  equal  parts,  but 
there  is  no  good  reason  why  he  should  have 
preferred  80  over  any  other  whole  number. 
This  scale  is  much  used  in  Italy,  Russia,  and 
some  parts  of  Germany.  Celsius,  a  Swede, 
divided  his  thermometer  scale  into  100  equal 
parts  between  the  boiling  and  freezing  points: 
his  scale  is  known  as  the  Centigrade,  and  it  is 
used  in  France  and  other  countries  of  Europe, 
and  is  also  being  largely  used  in  Britain  among 
scientific  men. 

In  Fahrenheit's  scale  the  space  between  freez- 
ing and  boiling  points  is  divided  into  180  equal 
parts,  and  he  fixed  his  freezing  point  32" 
above  zero.  This  thermometer  is  the  one  most 
commonly  used  in  Britain. 

By  the  use  of  this  instrument  we  are  able  to 
measure  the  temperature  of  the  air  in  the  work- 
ings, or  note  the  difference  in  temperature 
between  the  air  in  the  up-cast  and  down  cast 
shafts. 

The  Barometer  is  an  instrument  used  for  measuring  the  pressure 
of  air.  Its  construction  is  as  follows : — A  glass  tube  36  ins.  long, 
closed  at  one  end,  is  filled  with  mercury  and  reversed,  the  open  end 
being  temporarily  closed  until  it  is  placed  so  that  it  shall  project 
below  the  surface  of  a  bath  of  mercury  contained  in  a  reservoir.  The 
barometer  has  a  scale  fixed  to  it,  and  also  a  sliding  vernier,  by  means 
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of  which  it  may  be  read  to  the  one-hundredth  part  of  an  inch. 
Each  inch  on  the  scale  is  divided  into  tenths,  and  the  divisions  on 
the  vernier  are  one  less  than  the  number  on  a  corresponding  length 
on  the  barometer  scale. 

A  barometer  is  of  great  use  at  collieries,  as  it  shows  the  changes 
in  atmospheric  pressure.  With  a  low  barometer  the  gas  issues 
more  freely  from  the  coal,  and  if  there  is  any  gas  lying  in  the 
waste  it  will  soon  find  its  way  into  the  working  places,  owing  to  the 

reduced  pressure.  It  is  important, 
therefore,  to  note  the  rise  or  fall  of 
the  mercury  daily  in  connection  with 
fiery  collieries. 

By  the  Coal  Mines  Regulation  Act 
every  mine  must  be  provided  with  a 
barometer  and  a  thermometer.  The 
reading  of  the  former  should  be  noted 
at  least  once  a  day,  especially  by  the 
firemen  before  going  down  to  inspect 
the  workings  in  the  morning. 

Water-Gauge,  —  A  current  of  air 
exerts  a  certain  pressure  during  its 
passage  from  one  point  to  another, 
which  pressure  is  usually  measured 
by  a  water-gauge. 

The  construction  of  this  instrument 
is  very  simple.  It  consists  of  a  glass 
U-tube,  of  ^  in.  to  1  in.  diameter,  to 
which  a  sliding  scale  divided  into 
inches  and  tenths  is  attached.  One  of 
the  ends  is  fitted  with  a  tube  at  a 
right  angle  with  the  limb,  which  can 
pass  into  the  intake  through  a  screen, 
while  the  other  end  is  connected  with 
the  return  current.  If  there  is  any 
difference  in  the  pressure  between  the 
two  currents  the  water  level  in  the 
two  hmbs  of  the  gauge  will  vary. 
As  1  cub.  ft.  of  water  weighs  62*5  lbs., 
a  cub.  in.  will  weigh  *036  lb.  In  a 
tube  of  1  in.  sectional  area,  a  differ- 
ence of  level  of  1  in.  will  represent  a 
wind  pressure  equal  to  the  weight  of  1  cub.  in.,  and,  pari  passu, 
to  '036  lb.  per  sq.  in.,  or  •036x144  =  5*2  lbs.  (approximately) 
per  sq.  ft. 

The  water-gauge  thus  acts  as  a  check  (though  not  altogether  a 
very  reliable  one)  on  the  state  of  the  underground  airways.  If  the 
latter  remain  in  the  same  condition  for  some  time,  and  the  ventilating 


Fig.  437. — Water-gauge. 
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power  is  neither  increased  nor  decreased,  then,  under  ordinary  cir- 
cumstances, the  height  of  the  water-gauge  should  not  vary.  If  the 
diflference  in  level  is  very  much  greater  than  usual,  it  will  probably 
be  due  to  the  fact  that  the  air  is  not  taking  its  usual  course,  owing 
to  some  doors  being  open  in  the  main  airways,  by  which  the  air  will 
be  going  direct  from  the  down-cast  to  the  up-cast  without  ventilating 
the  workings.  If  the  water-gauge  is  to  be  of  any  use  at  all,  it  ought 
to  be  placed  as  far  back  from  the  fan  as  possible,  otherwise  it  will  be 
impossible  to  get  correct  results,  owing  to  the  abnormal  condition  of 
the  air  close  to  the  fan. 

Hygrometer. — ^The  amount  of  moisture  in  the  air  can  be  ascer- 
tained by  the  use  of  the  instrument  known 
as  the  hygrometer.  It  consists  of  two 
thermometers  (fig.  438)  mounted  at  a  short 
distance  from  each  other,  the  bulb  of  one 
being  covered  with  muslin,  which  is  kept 
moist  by  means  of  a  cotton  wick  dipping  into 
a  vessel  of  water.  The  evaporation  which 
takes  place  from  the  moistened  bulb  produces 
a  depression  of  temperature,  so  that  this 
thermometer  gives  a  lower  reading  than  the 
other  by  an  amount  which  increases  with 
the  moisture  of  the  air.  The  instrument 
must  be  mounted  in  such  a  way  that  the  air 
can  circulate  freely  round  the  wet  bulb. 

*  By  means  of  a  formula,  the  tension  due 
to  the  vapour  of  water  in  the  air  is  calculated 
from  the  readings  of  the  two  thermometers. 
Tables  have  also  been  constructed,  by  means 
of  which  the  degree  of  saturation  can  be 
calculated. 

Anemometers, — ^To  determine  the  velocity 
of  the  air  passing  in  underground  workings, 
it  is  the  common  practice  to  use  the  instru- 
ment called  the  anemometer.  It  is  con- 
structed somewhat  like  a  small  fan,  with 
number  of  blades  or  vanes  fixed  obliquely  to 
the  axis  (see  figs.  439,  440) ;  when  these  vanes  are  rotated  a  clock- 
work gearing  connected  to  the  axis,  which  actuates  the  pointers  on 
the  dial  of  the  instrument,  records,  by  means  of  a  scale,  the  velocity 
in  ft.  at  which  the  air  is  travelling.  In  determining  the  quantity  of 
air  passing,  the  pointers  are  first  brought  to  zero,  and  the  anemometer 
is  held  out  at  arm's  length  in  the  air  passage  for  a  measured  period 
of  time,  and  a  reading  is  taken,  the  hundreds  being  read  off  the 
small  pointer,  and  the  odd  ft.  read  off  the  large  one.  The  sectional 
area  of  the  passage  is  carefully  calculated,  and  the  total  quantity  of 
*  See  DeschanePs  Natural  Philosophy^  p.  398. 


a     Fig.  438.— Hygrometer. 
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air  passing  can  be  ascertained  by  multiplying  the  velocity  per  minute 
by  the  area  in  sq.  ft. 

Laws  aflfecting  the  Air  Current. — A  current  of  air,  either  on 
the  surface  or  underground,  is  produced,  as  has  been  explained, 
by  differences  of  pressure  or  density.  A  very  small  difference 
of  pressure  or  force  is  required  to  impart  motion  to  the  air,  but  a 
current  travelling  in  a  circumscribed  area  meets  with  a  very  large 
amount  of  resistance,  which  is  termed  friction,  and  of  the  total 
force  or  pressure  required  to  set  a  ventilating  current  in  motion 
a  very  large  percentage  is  taken  up  in  overcoming  this  friction. 
Roughly  speaking,  90  per  cent,  to  95  per  cent,  of  the  actual  force  is 


Figs.  489, 440.— Anemometer. 


expended   in   overcoming  the  resistance  met  with  in  the  workings, 
while  only  5  per  cent,  to  10  per  cent,  of  the  pressure  is  effective. 
The  laws  of  aerial  friction  are  usually  expressed  as  follows : 
The  pressure  required  to  overcome  the  resistance  due  to  the  friction 
of  air,  when  the  velocity  is  constant,  varies  in  proportion  to  the  sur- 
faces in  contact. 

The  pressure  per  unit  area  required  to  overcome  the  resistance 
due  to  friction  varies  inversely,  as  the  sectional  area  of  the  airway,  or 

The  pressure  required  to  overcome  the  friction  varies  in  proportion 
as  the  sqiuire  of  the  velocitij. 

These  are  tiie  three  principal  laws  enunciated  by  the  late  J.  J. 
Atkinson,  and  two  other  laws  may  be  stated,  which,  as  a  natural  con- 
sequence, follow  from  them,  viz. : 

The  power  required  to  overcome  the  resistance  to  an  air  current  in 
the  workings  of  a  given  mine  varies  as  the  cube  of  the  velocity,  and 
the  resistance  measured  in  lbs.  per  cub.  ft.  ^of  ab  current  is  equal  to 
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the  product  of  the  co-efficient  of  friction,  the  total  contact  surface  and 
the  velocity  squared  and  divided  by  the  sectional  area  of  road,  i,e. 
^    KSV2 

^-    A— 

The  rubbing  surface  spoken  of  is  the  whole  extent  of  surface 
exposed  to  the  ventilating  current,  i.e,  the  roof,  pavement,  and  two 
sides  of  the  road,  the  sum  of  these  four  sides  in  section  being  called 
the  perimeter.  The  total  rubbing  surface  will  therefore  be  the  total 
length  of  airway  multiplied  by  the  perimeter. 

Example,^ln  an  airway  8  ft.  wide,  6  ft.  high,  and  200  fathoms  long,  what 
would  be  the  total  surface  in  contact  1 

Frictional  or  rubbing  surface  =  (8  x  2)  +  (6  x  2)  x  1200  =  33600  sq.  ft 

Since  the  pressure  increases  in  direct  proportion  to  the  length,  it  follows  that 
if  we  double  the  length  of  an  airway  the  pressure  will  also  require  to  be  doubled, 
to  maintain  the  same  quantity  of  air  in  motion  ;  or,  if  the  length  be  reduced  one- 
half,  the  pressure  required  will  be  halved. 

Another  point  to  be  noticed  is,  that  the  pressure  required  to  overcome  the 
resistance  due  to  friction  depends  largely  on  the  size  and  shape  of  the  airways, 
i.e,  whether  rectangular,  square,  or  circular.  In  airways  of  each  of  these  shapes, 
and  having  the  same  area,  viz.,  78*54  sq.  ft.,  the  perimeter  of  a  circle  woula  be 
31*416  ft,  of  a  rectangle,  26-12  x  3,  58*36  ft,  and  of  a  square,  35*2  ft 

From  this  it  is  evident  that  a  circular-shaped  airway  presents  the 
least  area  of  rubbing  surface  of  the  three  shapes  enumerated,  and 
hence  would  oppose  the  best  resistance  to  a  current  of  air  passing 
through  it,  but,  on  the  other  hand,  it  is  the  least  practicable  of  the 
three,  and  one  that  is  very  seldom  adopted,  except  in  the  case  of 
vertical  shafts. 

Since  the  pressure  required  to  overcome  the  friction  varies  inversely 
as  the  area,  it  follows  that  in  two  airways,  the  areas  of  which  are  as 
1  ;  2,  the  pressure  necessary  to  overcome  the  friction  of  an  air  current 
in  them  will  be  as  2:1,  i.e.  a  1  lb.  pressure  in  the  airway  whose 
area  is  1  would  do  the  same  work  as  a  pressure  of  ^  lb.  in  the  air- 
way whose  area  was  2. 

In  the  case  of  two  airways  of  equal  lengths  and  perimeters,  and 
consequently  of  equal  rubbing  surfaces,  the  velocity  being  the  same 
in  each  case,  but  having  unequal  sectional  areas,  all  the  condi- 
tions upon  which  friction  depends  will  be  equal,  therefore  the 
amount  of  work  required  to  overcome  friction  will  be  equal  in  both 
cases. 

We  have  assumed  that  the  velocities  are  equal,  therefore  the  total 
pressure  must  be  the  same  in  both  airways ;  but  as  the  airways  have 
different  areas  the  pressure  per  sq.  ft.  must  be  diflferent,  and  will  be 
less  in  the  large  than  in  the  small  airway. 

Example. — In  two  airways  of  equal  lengths,  one  10  ft  x  8  ft  and  the  other 
14  ft  x4  ft,  the  areas  are  as  80 :  66,  while  the  rubbing  surfaces  are  equal,  and 
therefore  the  total  resistance  or  pressure  must  be  the  same  in  each.  Suppose  we 
have  a  velocity  of  350  ft.  per  minute  in  each  airway,  and  that  the  total  energy 
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expended  in  overcoming  resistance  equals  120,000  ft,  the  total  pressure  for  each 

airway  will  equal        *       ,  i,e.  342*85  lbs. ;  the  pressure  per  sq.  ft.  will,  how- 
o50 

ever,  be  different,  for  in  the  10  ft  x  8  ft.  airway  it  will  equal    ^       or  4*28  lbs. 

per  sq,  ft,  and  in  the  14  ft  x  4  ft  airway  — — —  or  6*12  lbs.  per  sq.  ft,  which 

56 
is  in  the  ratio  of  1  to  1'42,     From  this  it  will  be  seen  that  the  smaller  airway 
requires  nearly  half  as  much  more  pressure  per  sq.  ft.  than  the  larger,  and  that 
the  pressure  varies  in  inverse  proportion  to  the  sectional  area  of  the  airways 
through  which  the  currents  have  to  pass. 

The  pressure  required  to  overcome  friction  is  proportional  to  the 
square  of  the  velocity.  From  this  it  follows  that  if  the  velocity  be 
doubled,  the  pressure  required  to  overcome  the  resistance  due  to 
friction  will  have  to  be  increased  four  times;  and  if  we  halve  the 
velocity,  the  pressure  required  will  only  be  \, 

If  we  treble  the  quantity,  the  velocity  must  also  be  trebled, 
which  will  increase  the  original  friction  nine  times. 

From  the  above  laws  are  deduced  nearly  all  the  formulas  used  in 
connection  with  problems  in  the  ventilation  of  mines,  and  of  which 
some  may  be  here  given. 

If  p  is  the  pressure  per  sq.  ft,  A  the  area  of  airway  in  sq.  ft.,  S  the  total 
rubbing  surface  of  airway,  v  the  velocity  of  air  current  in  thousands  of  cub.  ft 
per  minute,  and  K  the  co-efficient  of  friction,* 

Then(l)PA  =  KSt;2^  (2)  P=^, 

A 

/ON        A   _    KSt^      f..     ^         PA 

(3)    A-^^,(4)  K=_, 


(5)     S  =  J^.(6)V2=^    orV->.A^ 


while  the  H. P.  =,^^(7). 
33000  ^  ' 

Practical  Gousiderations  in  reducing  Friction. — Reducing  tJie 
Length, — This  can  be  most  conveniently  done  when  the  airways  are 
being  constructed  at  first,  and  if  the  distance  which  the  air  current 
has  to  travel  can  in  any  way  be  reduced,  even  after  the  airways 
have  been  made,  this  ought  to  be  done. 

There  are  many  advantages  to  be  gained  by  having  airways  as 
short  as  possible,  amongst  which  may  be  mentioned  :  The  smaller 
cost  and  reduced  expense  for  repairs  and  upkeep,  and  the  larger 
volume  of  air  whicli  can  be  obtained  by  a  given  expenditure  of  power. 
All  sharp  angles  avoided  as  much  as  possible. 

Increasing  the  Area, — As  to  increasing  the  sectional  area,  there  is 
a  practical  iimit  to  which  this  can  be  done,  depending  largely  on  the 

*  For  every  foot  of  rubbing  surface,  and  for  a  velocity  in  the  air  of  1000  ft. 
per  minute,  thie  friction  is  equal  to  0*26881  ft,  of  air  column  of  the  same  density 
as  the  flowing  air,  which  is  equal  to  a  pressure,  with  air  at  32**  F.,  of  0*0217  lb. 
per  sq.  ft  of  a^ea  of  section.    This  is  known  as  the  co-efficient  of  friction. 
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nature  of  the  strata  through  which  the  airways  pass  ;  for  sometimes 
it  is  only  with  the  greatest  difficulty  that  a  road  can  be  enlarged, 
especially  if  the  roof  or  floor  is  very  bad,  and  if  there  is  a  continuous 
crush  on  the  workings.  For  this  reason  it  is  often  cheaper  and 
easier  to  make  an  additional  airway  parallel  to  the  one  already 
existing. 

By  doing  this  the  rubbing  surface  is  doubled,  and  the  resistance 
due  to  friction  correspondingly  increased  ;  therefore  the  pressure  will 
also  require  to  be  doubled.  At  the  same  time,  doubling  the  rubbing 
surfaces  has  also  doubled  the  area,  and  consequently  the  velocity 
will  be  halved,  and  the  resistance  and  pressure  reduced  to  one-fourth, 
the  decrease  of  friction,  owing  to  the  reduced  velocity  in  the  larger 
area,  being  always  much  greater  than  the  increase  due  to  the  extra 
rubbing  surface. 

Example, — If  an  airway  measuring  9  ft.  x  6  ft.  is  enlarged  to 
9  ft.  X  8  ft.,  the  area  will  be  increased  from  54  sq.  ft.  to  72  sq.  ft., 
or  in  the  ratio  of  3:4,  and  the  velocity  will  be  reduced  inversely  in 
the  same  ratio,  i.e,  from  4 :  3,  while  the  rubbing  surface  will,  at  the 
same  time,  be  increased  from  30  sq.  ft.  to  34  sq.  ft.,  or  in  the  ratio  of 
15  :  17.  The  resistance,  however,  varies  as  the  square  of  the  velocity, 
or  as  16 : 9,  therefore  the  resistance,  after  increasing  the  area,  will  be 
reduced  to  ^^  of  ^  ( =  iff),  the  net  gain  being  over  one-third. 

Another  important  factor  in  limiting  the  area  of  airways  is  the 
size  of  the  shafts,  for  with  small  shafts  of  insufficient  size  to  permit 
of  the  passage  of  the  requisite  quantity  of  air,  it  is  useless  to  increase 
the  area  of  air-courses  beyond  a  certain  limit. 

In  making  airways  so  as  to  present  the  least  possible  resistance  the 
following  points  should  be  attended  to.  They  should  be  as  nearly  as 
possible  of  the  same  sectional  area 
throughout,  have  as  few  sharp 
angles  as  possible,  and  no  side  pro- 
jections and  narrow  places  in  them. 
They  should  also  have  a  good^sized 
area,  and  be  as  nearly  circular,  or, 
if  this  is  impracticable,  as  square, 
as  possible. 

In  experiments  made  recently  by 
D.  Murgue  on  the  quantities  of  air 
passing  in  airways  of  varying  con- 
struction, he  found  that  there  was 
a  great  deal  of  difference  in  the 
respective  behaviour  of  arched  air- 
ways, timbered  and  untimbered 
airways  (fig.  441).     In  workings  of  the  same  area  he  found  that  the 

*  The  illustration  is  intended  to  show  graphically  that  the  arched  airway  will 
pass  as  much  air  with  the  same  ventilating  pressure  as  either  the  unlined  or 
timbered  aii-ways  described  on  its  outside. 


a  =  arched  airway  ;  h  =  unlined  airway  ; 
c= timbered  airway. 

*  Fig.  441. 
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quantities  passed  would  be  46000  cub.  ft.  per  minute  for  arched 
airways ;  36000  for  airways  without  timber ;  and  32000  for  timbered 
courses,  or  in  the  proportion  of  1  :  1^ :  l-^^^.  Readings  of  the  water- 
gauge  for  the  same  airways  with  these  quantities  were  : — Arched 
airways,  0*253  in. ;  airways  without  timber,  0*760  in.,  and  airways 
with  timber,  1*275  in.,  or  in  the  ratio  of  1  :  3  :  5  (approximately). 

These  results  show  in  a  very  striking  manner  the  advantage  of 
having  good  smooth  passages  for  the  air  to  travel  in,  and  that  often 
better  results  could  be  obtained  by  giving  more  attention  to  the  air- 
ways than  by  trying  experiments  with  better  ventilating  machines. 
For  the  different  airways  Murgue  gives  the  following  co-efficients  of 
friction,  expressed  as  pressure  per  sq.  ft.  in  decimals  of  a  lb.  for  each 
square  foot  of  rubbing  surface  and  an  air  velocity  of  1000  ft.  per 
minute : — 

Arched  passages,  average  co-efficient  •001716 
Unlined        „  „  „  '00494 

Timbered     „  „  „         -00821 

The  laws  of  ventilating  may  be  briefly  stated  as  follows : — 

The  quantity  of  air  circulating  in  a  mine  is  as  the  square  root  of 
the  pressure  or  the  square  root  of  the  water-gauge  reading. 

In  airways  of  the  same  sectional  area,  and  which  vary  in  length 
only,  the  volume  and  velocity  of  air  currents  are  inversely  propor- 
tional to  the  square  root  of  their  lengths. 

The  quantity  of  air  passing  in  airways  of  different  areas  is,  other 
things  equal,  in  proportion  to  the  square  root  of  the  area  multiplied 
by  the  area  itself. 

The  resistance  varies  directly  as  the  length. 

The  pressure  required  to  propel  air  through  airways  is  inversely 
proportional  to  the  areas,  other  conditions  remaining  the  same. 

The  quantity  of  air  circulating  is  proportional  to  the  cube  root  of 
the  power  applied. 

Since  the  quantity  of  air  circulating  varies  as  the  cube  root  of  the 
power  applied,  and  as  the  number  of  revolutions  of  a  fan  vary  in  the 
same  ratio,  it  follows  that  the  quantity  of  air  circulating  at  any 
moment  depends  directly  on  the  speed  of  the  fan. 

Other  general  formulae,  as  arranged  by  Merivale,  may  here  be 
given : 

a.  Ventilating  pressure  varies  as  depth  of  up-cast  shaft  (in  furnace 
ventilation). 

h.  Ventilating  pressure  varies  as  difference  of  temperature  between 
up- cast  and  down-cast  shafts. 

c.  Ventilating  pressure  varies  as  horse  power  of  fan  or  furnace. 

d.  Ventilating  pressure  varies  as  quantity  of  coal  burned. 

e.  Quantity  of  air  circulating  varies  as  revolutions  of  fan. 

/.  Quantity  of  air  circulating  varies  as  square  root  of  pressure. 
(J.  Quantity  of  air  circulating  varies  as  square  root  of  depth  of  up- 
cast (in  furnace  ventilation). 
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h.  Quantity  of  air  circulating  varies  as  difference  of  temperature 
between  up-cast  and  down-cast  shafts. 

t.  Quantity  of  air  circulating  varies  as  cube  root  of  horse  power. 

j.  Quantity  of  air  circulating  varies  as  cube  root  of  coals  burned. 

"  Splitting  "  tJie  Air, — The  benefits  to  be  derived  by  increasing  the 
area  of  airways,  and  also  by  adding  another  airway,  have  been  already 
pointed  out.  The  latter  method  of  solving  this  problem  is  termed 
*  splitting  the  air.'  In  former  times  (and  even  in  some  collieries  at 
the  present  day)  it  was  the  practice  to  carry  all  the  air  round  the 
worlkings  in  one  current,  which  is  a  very  bad  method,  and  one  that 
should  be  avoided  if  possible.  The  air  should  be  taken  round  the 
workings  in  a  number  of  separate  currents,  as  only  by  this  system 
can  the  greatest  efficiency  be  obtained. 

Splitting  the  air,  as  already  shown,  increases  the  rubbing  surface, 
but  it  reduces  the  velocity  with  the  same  pressure,  and  as  the 
pressure  varies  as  the  rubbing  surface  and  the  velocity  squared,  a 
greater  quantity  of  air  can  be  propelled  by  a  given  power. 

There  are  other  advantages  gained  by  splitting  the  air,  and  venti- 
lating each  section  separately  with  main  splits,  among  which  are  the 
following : — 

A  greater  total  quantity  of  air  is  got. 

By  splitting  the  air  each  section  gets  a  more  uniform  and  purer 
supply. 

A  fall  occurring  in  one  split  or  section  does  not  injure  the  others. 

An  explosion  taking  place  in  one  section  is  less  liable  to  occasion 
disastrous  effects  in  the  other  sections. 

Fewer  trap-doors  are  required  on  the  main  roads. 

To  obtain  the  greatest  possible  advantage  from  *  splitting,'  the 
main  splits  ought  to  commence  as  near  the  down-cast  and  end  as 
near  the  up-cast  shafts  as  possible. 

In  *  splitting,'  the  main  current  of  air  should  never  be  split  to 
such  an  extent  that  its  velocity  becomes  insufficient  to  keep  the 
working  faces  clear  of  gas.  If  this  be  the  case,  fire-damp  or  choke- 
damp  may  accumulate,  and  render  the  working-places  dangerous. 

The  velocity  of  the  air  travelling  along  the  faces  in  fiery  mines 
where  unshielded  lamps  are  used  should  never  be  less  than  120  to 
150  ft.  per  minute,  nor  more  than  350  ft.  per  minute. 

In  ordinary  circumstances,  the  velocity  along  the  face  should  be 
from  2  to  3J  ft.  per  second,  in  splits  3J  to  5  ft.  per  second,  in  main 
airways  5  to  10  ft.  per  second,  and  in  shafts  it  often  reaches  20  to  40 
ft.  per  second. 

The  relative  proportion  of  air  to  be  distributed  among  any  given 
number  of  splits  will  depend  greatly  on  the  amount  of  natural  gases 
given  off,  apart  from  the  actual  quantity  required  for  men  and 
animals,  the  burning  of  lamps  and  the  blasting  of  explosives,  so  that 
in  distributing  a  current  it  is  best  to  divide  it  according  to  local 
circumstances ;  i.e.  the  section  giving  off  the  most  gas  should  get  the 
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largest  supply  of  air.  The  average  quantity  allowed  by  some 
authorities  for  mines  free  from  fire-damp  is  150  to  200  cub.  ft.  per 
minute  per  man  and  boy,  and  three  to  six  times  these  quantities  for 
each  horse  employed  underground.  In  fiery  collieries  200  to  350  cub. 
ft.  per  minute  per  man  and  boy  ought  to  be  allowed,  and  an  addi- 
tional quantity  for  *  scale,'  as  a  certain  proportion  never  reaches  the 
working  faces,  being  lost  by  leakage  through  defective  stoppings, 
bratticing,  and  screens.     The  above  quantities  are  only  approximate.* 

^Id  b  ^^^^  ^^^^  employing  200  men  and  20  horses,  the  quantity  required 

men  200  x  350  =70000  cub.  ft. 
horses  20  x  2100  =  42000      „       =112,000  cub.  ft.  per  minute. 

If  there  are  a  number  of  splits  of  equal  or  uneqtial  area,  subject  to  a  common 
pressure,  the  quantities  of  air  that  will  pass  in  each  are  in  proportion  to 


xS 
or] 


The  relative  pressure  or  power  required  to  pass  the  same  (mantity  of  air 
through  airways  of  varying  area  and  length  may  be  found  by  the  /ormula 

r  V  /  1  \  « 

S  \  a  /      or  S  I  —  )     where 

A=area  of  roadways  in  sq.  ft.        S=total  rubbiug  surface  in  sq.  ft. 
"■"  >i  >i  R=relative  quantity. 

The  quantity  of  air  tliat  will  pass  in  any  number  of  equal  splits,  the  pressure 
and  rubbing  surface  remaining  constant,  will  be  Q  =Q  x  n  x  Vn"when  Q  is  the 
quantity  before  splitting ;  Q.  =  the  quantity  after  splitting,  anl  n  the  number  of 

Coal-Dust  and  Methods  of  dealing  with  it—That  coal-dust  is  an 
important  element  in  connection  with  explosions  in  underground 
workings  seems  to  be  fully  recognised  by  all  or  nearly  aU  connected 
with  mmmg  operations.  It  is  many  years  since  this  fact  was  first 
pomted  out  and  experiments  made  by  two  eminent  authorities, 
Faraday  and  Lyell.  It  is  over  fifty  years  ago  since  these  distin- 
guished men  first  gave  their  opinion  on  this  much-debated  question, 
but  It  IS  only  within  recent  years  that  much  attention  has  been  given 
to  the  subject  To  Mr  William  Galloway  and  Sir  Frederick  Abel  we 
are  greatly  indebted  for  the  information  we  possess  on  the  subject 
Ihese  two  authorities  have  studied  the  question  very  closely  for 
years,  and  after  many  careful  and  comprehensive  experiments,  have 
come  to  the  conclusion  that  'coal-dust  is  highly  dangerous  under 
certain  conditions.'  Others  have  entered  the  field  of  investigation, 
and  the  results  have  placed  beyond  doubt  the  statement  that  coal- 

•  See  page  326. 
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dust,  rather  than  fire-damp,  plays  the  most  important  part  in  many 
colliery  explosions. 

There  are  two  theories  held  by  mining  authorities  regarding  the 
action  of  coal-dust  in  colliery  explosions,  one  being  that  coal-dust 
alone  will  cause  an  explosion  without  any  fire-damp  being  present  in 
the  air,  and  the  other,  that  before  coal-dust  becomes  really  dangerous 
a  certain  percentage  of  fire-damp  must  be  present  in  the  air. 

We  may  here  quote  briefly  the  opinion  of  different  authorities  who 
were  commissioned  to  make  inquiry  on  the  subject. 

Messrs  Mallard  and  Le  Chatelier  of  the  French  Fire-damp 
Commission  of  1882  rejected  the  theory  that  coal-dust  alone  would 
cause  any  serious  danger,  or  that  any  colliery  explosion  of  importance 
could  be  attributed,  with  any  probability  of  authenticity,  to  the 
action  of  coal-dust. 

The  Prussian  Fire-damp  Commission  in  1887  came  to  the  con- 
clusion that  the  presence  of  coal-dust  in  the  complete  absence  of  fire- 
damp gave  rise  generally  to  an  elongation  or  propagation  of  the 
flame  projected  by  a  blown-out  shot  of  limited  extent,  however  far 
the  deposits  of  dust  may  extend  in  the  mine  roads,  but  that  there 
were  certain  descriptions  of  coal-dust  which,  if  ignited  by  a  blown- 
out  shot,  would  not  only  continue  to  carry  on  the  flame,  even  to 
distances  much  beyond  the  confines  of  the  dust  deposits,  but  would 
also,  in  the  entire  absence  of  fire-damp,  give  rise  to  explosive  results, 
which,  in  character  and  effects,  were  similar  to  those  produced  with 
some  other  dusts  in  air  containing  7  per  cent,  of  fire-damp.* 

The  Austrian  Fire-damp  Commission  in  1891,  after  making  a  large 
number  of  experiments  with  different  coal-dusts,  found  that,  in  the 
absence  of  fire-damp,  nearly  all  kinds  of  coal-dust  could  be  ignited  by 
a  3^  oz.  dynamite  cartridge  exploded  in  an  unconfined  space,  while 
many  dusts  which  were  notoriously  regarded  as  dangerous  proved 
less  inflammable  than  others  which  had  been  regarded  as  compara- 
tively innocent,  the  fineness  of  tlie  dust  greatly  increasing  the  lia- 
bility to  ignition. 

The  Royal  Commission  on  Accidents  in  Mines,  in  their  report  of 
1886,  were  satisfied  that  "a  blown-out  shot  in  working-places  where 
highly  inflammable  coal-dust  exists  in  great  abundance,  may  even,  in 
the  entire  absence  of  fire-damp,  possibly  give  rise  to  a  violent  explosion, 
or  may,  at  any  rate,  be  followed  by  the  propagation  of  flame  through 
very  considerable  areas,  and  even  by  the  communication  of  flame 
to  distant  parts  of  the  workings  where  explosive  gas-mixtures 
or  dust-deposits  in  association  with  non-explosive  gas-mixtures 
exist." 

The  Royal  Commission  on  Explosions  from  coal-dust  in  mines 
issued  a  further  report  in  1894,  in  whicli  they  came  to  the  following 
conclusions : — 

(1)  The  danger  of  explosion  in  a  mine  in  which  gas  exists,  even  in 
*  Final  Report  of  the  English  Commission  on  Accidents  in  Mines,  1886. 
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very  small  quantities,  is  greatly  increased  by  the  presence 
of  coal-dust. 

(2)  A  gas   explosion   in   a   fiery   mine  may  be    intensified    and 

carried  on  indefinitely  by  coal-dust  raised  by  the  explosion 
itself. 

(3)  Coal-dust  alone,  without  the  presence  of  any  gas  at  all,  may 

cause  a  dangerous  explosion  if  ignited  by  a  blown-out  shot 
or  other  violent  inflammation.  To  produce  such  a  result, 
however,  the  conditions  must  be  exceptional,  and  are  only 
likely  to  occur  on  rare  occasions. 

(4)  Different  dusts  are  inflammable,  and  consequently  dangerous, 

in  varying  degrees,  but  it  cannot  be  said  with  absolute  cer- 
tainty that  any  dust  is  entirely  free  from  risk. 

(5)  There  appears  to  be  no  probability  that  a  dangerous  explosion 

of  coal-dust  alone  could  ever  be  produced  in  a  mine  by  a 
naked  light  or  ordinary  flame. 

Sir  Fred.  Abel  states  that  it  requires  2  to  2  J  per  cent,  of  fire-damp, 
added  to  a  mixture  of  coal-dust  and  air,  to  make  it  explosive,  while 
Mr  William  Galloway  says  that  1  per  cent,  of  fire-damp  in  a  mixture 
of  fine  coal-dust  and  air  is  sufficient  to  form  an  explosive  mixture, 
the  quantity  of  dust  constituting  a  danger  being  1  lb.  to  160  cub. 
ft.  of  air, 

Tliese  authorities  have  been  quoted  to  show  the  difference  of 
opinion  that  exists  in  regard  to  this  important  matter.  Since  these 
reports  were  issued,  conclusive  evidence  has  been  forthcoming  that  an 
explosion  may  take  place  through  the  agency  of  coal-dust  alone,  as 
such  an  explosion,  attended  with  loss  of  life,  actually  took  place  at 
Camerton  Colliery  in  Somersetshire,  where  fire-damp  was  not  known 
to  have  been  present  prior  to  the  explosion.  In  this  instance  it  was 
clearly  proved  that  the  explosion  was  caused  by  a  blown-out  shot 
fired  by  two  men  who  were  repairing  on  the  main  haulage  road, 
which  was  dusty. 

At  the  West  Hiding  Colliery  in  Yorksliire  an  explosion  took  place 
which  was  proved,  after  careful  inquiry,  to  have  been  caused  by  coal- 
dust  alone,  ignited  by  a  blown-out  shot. 

Before  an  explosion  can  take  place,  certain  conditions,  which  are 
fortxmately  of  rare  occurrence  in  mines,  must  be  fulfilled.*  There  must 
be  sufficient  surplus  power  in  the  shot  to  stir  up  the  dust  and  to  pro- 
duce sufficient  compression  of  the  air.  The  dust  must  be  very  fine 
and  dry,  the  flame  from  the  explosive  must  be  one  of  very  high  tem- 
perature and  considerable  volume.  Possibly  the  shape  of  the  gallery, 
the  relative  temperature  of  the  air,  and  the  height  of  the  barometer 
may  also  conduce  to  modify  or  intensify  the  effects.  From  a  con- 
sideration of  the  composition  of  coal-dust,  it  is  evident  that  it  is  a 
very  inflammable  substance.  Analyses  of  coal-dust  from  Ryhope 
Colliery  showed  on  an  average  21  "17  per  cent,  of  combustible  gas. 
*  Trans,  Feder,  Inst,^  vol.  vii.  p.  60. 
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Dust  from  *  Brancepeth  Colliery,  however,  only  gave  0*76  per  cent,  of 
combustible  gas,  and  this  latter  dust  was,  notwithstanding  the  small 
percentage  of  combustible  gas  with  which  it  was  associated,  very 
sensitive  to  ignition. 

Coal-dust  is  prevalent  to  a  greater  or  less  extent  in  all  collieries, 
particularly  in  deep  and  dry  ones.  It  is  more  frequent  in  deep 
mines,  because  the  temperature  of  the  air  is  higher  in  such  mines 
than  in  shallow  ones,  and  the  air  being  warmer,  the  moisture  in  the 
atmosphere,  as  it  enters  the  workings,  is  absorbed  very  rapidly, 
causing  the  air  to  become  dry  and  favouring  the  formation  of  dust. 
Some  seams,  again,  produce  more  dust  than  others,  and  the  more 
friable  the  coal  the  more  dust  will  accumulate. 

Formation  of  Dust. — Coal-dust  is  most  plentiful  on  main  haulage 
roads,  and  is  found  settled  on  the  roof,  floor,  sides,  and  timbers.  The 
dust  is  formed,  and  accumulates  in  a  variety  of  ways,  but  the  following 
are  the  chief  modes  of  formation  : — 

The  'backs'  or  cleavages  of  the  coal  are  usually  coated  with  a 
fine,  friable,  black  substance,  which  becomes  dust  when  the  coal  is 
broken  up  by  the  miner  at  the  face. 

The  hewing  and  filling  of  the  coal  contribute  largely  to  the  forma- 
tion of  dust. 

The  breaking-off  of  pieces  of  coal  from  the  sides  of  pillars  in  pillar 
and  stall  working,  and  the  falling  coal  from  tubs  during  haulage, 
and  the  subsequent  pulverisation  it  is  subjected  to  by  the  feet  of 
men  and  horses,  and  by  the  wheels  of  the  tubs  passing  along  the 
roads  at  a  rapid  speed. 

The  descent  of  large  quantities  of  very  fine  dust  from  the  screens 
on  the  surface  along  with  the  air  current  descending  the  down-cast 
shaft. 

Methods  of  dealing  with  Goal-Dust, — Some  means  must  be  adopted 
to  deal  with  and  render  less  dangerous  these  accumulations  of  dust, 
especially  if  fire-damp  is  given  ofi",  and  shots  are  being  fired  in  the  mine. 
Coal-dust  may  be  dealt  with  by  different  methods,  such  as : — 

(a)  By  removing  it  altogether ;  (h)  damping  it  with  salt  or  other 
hygroscopic  substances ;  (c)  damping  it  with  water. 

Kemoving  the  dust  altogether  is  impracticable  in  most  collieries, 
on  account  of  the  time,  labour,  and  expense  it  would  involve. 
The  dust  that  adheres  to  the  sides,  roof,  and  timber  is  usually 
the  most  dangerous  because  of  its  fineness,  and  even  sweeping 
with  a  brush  would  not  wholly  remove  it.  Clearing  part  of  the 
roadway,  if  this  can  be  thoroughly  done,  and  keeping  it  clean  and 
well  watered,  may  have  some  effect  in  checking  the  course  of  the 
flame  if  an  explosion  should  occur. 

Damping  the  dust  with  salt  is  carried  out  to  a  considerable  extent, 
and  is  found,  in  many  cases,  to  give  better  results  than  watering,  but 
is  much  more  expensive.  Salt  water  has  also  been  used  instead  of 
♦  Trans.  KI.M.K^  vol.  vii.  pp.  33-38. 
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pure  water  and  gives  good  results,  as  it  keeps  the  dust  in  a  moist 
condition  longer,  and  also  tends  to  form  a.  deposit  over  the  particles. 
Water  containing  clay  has  been  tried  in  preference  to  pure  water,  as 
it  has  a  binding  or  caking  action  somewhat  similar  to  that  of  salt 
water,  but  is  neither  so  easily  prepared  nor  used. 

Damping  by  water  is  the  method  that  is  commonly  used  in  most 
collieries.  The  method  of  watering  may  be  either  by  watering-carts, 
by  automatic  watering-tanks,  or  by  pipes.  Sometimes  when  a  water- 
ing-cart is  used  it  is  provided  with  a  revolving  brush,  driven  from 
the  axles,  which  sprays  the  water  all  round,  sprhikling  the  roof,  floor, 
and  sides,  and  is  much  more  effective  than  the  common  watering-cart 
(see  fig.  442).     Automatic  tanks,  with  pumps  attached,  and  worked 


Fig.  442.— Water-cart 

by  cranks  from  the  axle,  have  also  been  used.  Watering  by  means  of 
pipes  is,  however,  the  method  that  is  most  in  use,  and  is  no  doubt 
the  most  effective. 

A  simple  and  serviceable  arrangement  is  to  lead  a  line  of  pipes 
about  1 J  in.  or  2  in.  diameter  along  the  side  of  the  road,  and  have  taps 
which  can  be  connected  to  a  rubber  hose  with  a  *  rose  *  set  so  as  to 
allow  the  water  to  escape  in  a  spray,  placed  at  intervals  of  40  or  50 
ft.  The  rubber  hose  should  be  20  or  25  ft.  long,  so  that  a  length 
of  40  to  50  ft.  may  be  watered  each  time  it  is  connected  to  the 
water  pipes.  The  supply  of  water  is  usually  obtained  by  connecting 
the  pipes  to  the  pumping  set  in  the  shaft  or  to  some  tank  placed 
so  as  to  afford  the  required  pressure. 

In  some  collieries  the  water  is  allowed  to  issue  from  small  jets  in 
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the  form  of  very  fine  spray,  at  high  pressure,  in  the  intake  air 
currents,  and  is  carried  along  to  moisten  the  floor,  roof,  and  sides. 
This  method  has  the  further  advantage  of  keeping  the  air  cool, 
and  does  not  injure  the  floor  so  much  as  water  by  a  watering-cart 
would  do. 

Water  combined  with  compressed  air  has  also  been  successfully 
employed  for  laying  the  dust,  and  is  also  effective  in  keeping  the 
air  cool.  What  is  known  as  Martin  and  TurnbulFs  system,  which 
is  extensively  used  in  the  South  Wales  coal-field,  is  probably  the 
best  method  of  applying  compressed  air  and  water.  Where  com- 
pressed air  is  used  for  power  purposes  in  the  mine,  the  air  in  the 
spray-producer  is  taken  from  the  oompressed  air  main  by  a  J  in. 
wrought-iron  tube  to  the  producer,  which  is  generally  fixed  in  the 
centre  of  the  roadway.  A  water  main  is  carried  parallel  with  the 
air  main,  and  from  it  to  the  same  producer  another  J  in.  tube 
conveys  the  water.  Immediately  before  entering  the  spray-pro- 
ducer the  air  and  water  pipes  are  united.  The  air  passes  through 
a  conical  nozzle,  whilst  the  water  issues  through  a  similar  orifice 
around  the  conical  water  nozzle,  where  they  are  united  in  one  stream. 

Fig.  443  shows  the  arrangement  of  this  appliance  in  eleva- 
tion. The  compressed  air  main  A,  and  the  water  main  pipe  B, 
are  laid  parallel  with  one  another,  preferably  at  one  side  of  the 
road.  At  any  desired  intervals  in  these  mains,  branch  pipes  a 
and  b  are  carried  up  towards  the  roof.  By  these  pipes  the  com- 
pressed air  and  water  are  carried  into  the  delivery  pipe  C,  into 
which  the  air  pipe  a  extends  in  the  form  of  a  nozzle,  terminating 
beyond  the  point  of  junction  of  the  water  pipe  b,  with  the  coupling 
dj  as  shown  in  figure. 

The  air  and  water  are  discharged  into  the  mine  through  a  terminal 
instrument  or  nozzle,  so  constructed  as  to  cause  the  issuing  com- 
pressed air  and  water  to  form  a  fine  spray  or  cloud  of  vapour. 
Another  convenient  form  of  spray-producer  is  composed  of  two 
cup-shaped  members,  of  which  one  is  inverted  on  the  other.  This 
cup  is  connected  by  screw  threads  to  the  end  of  the  delivery  pipe, 
into  which  the  compressed  air  and  water  are  received  from  the  pipes. 
The  air  and  water  pass  by  the  orifices  into  the  cavity  formed  by  the 
cups.  Extending  downwards  from  the  top  cup  is  a  spindle,  the 
lower  end  of  which  is  furnished  with  screw  threads.  The  low^er  cup 
fits  loosely  over  the  lower  end  of  the  spindle,  and  a  washer  is  inter- 
posed between  the  cup  and  a  shoulder  formed  on  the  spindle. 
By  a  nut  working  on  the  screwed  part  of  the  spindle,  the  cups  are 
held  towards  each  other,  and  the  degree  of  fineness  of  the  spray  is 
governed  by  the  extent  to  which  the  lower  cup  is  screwed  towards 
tlie  upper  one.  The  degree  of  fineness  of  the  spray  escaping  between 
the  rims  of  the  cups  is  capable  of  the  nicest  adjustment,  and,  when 
required,  the  issue  of  the  spray  may  be  made  to  cease  by  forcing 
the  lower  cup  sufficiently  tight  against  the  upper  one.     With  this 
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form  of  spray-producer  a  sufi&ciently  fine  spray  may  be  obtained 
when  water  alone  is  used.  Another  form  of  spray-producer  consists 
of  a  pipe,  the  end  of  which  is  flattened  so  as  to  present  a  narrow 
slit  or  orifice  for  the  issue  of  the  compressed  air  and  water.  The 
pressure  of  the  water  is  in  excess  of  that  of  the  compressed  air,  and 
the  supply  of  each  is  controlled  by  taps  situated  in  the  branch 
pipes.     In  the  event  of  a  cessation  of  the  supply  of  compressed  air, 


Fig.  443. 


the  water  is  prevented  by  a  valve  from  passing  into  the  main  pipe ; 
and  similarly,  should  an  accident  happen  to  the  water  main,  the 
compressed  air  is  prevented  by  a  valve  from  passing  into  it.  By 
this  system  the  extreme  fineness  of  the  spray  is  such  that  it  is 
carried  by  the  ventilating  current  in  the  mine  for  long  distances, 
and  effectually  cools  the  air  in  the  mine  and  damps  the  dust  lurkin<y 
in  crevices  and  behind  the  timber,  as  well  as  on  the  roof,  floor,  and 
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sides,  without  unnecessarily  wetting  the  roads,  which  so  often  causes 
creep  in  the  floor. 

Where  dust  is  present  in  dangerous  quantities  and  especially  in 
fiery  collieries,  as  little  blasting  as  possible  should  be  allowed,  the 
explosive  used  should  be  of  the  non-flaming  type,  such  as  carbonite  or 
roburite,  and  the  Coal  Mines  Regulation  Act  (section  49,  10)  carried 
out  with  strict  observance.  Testing  the  return  air  with  some  lamp 
more  sensitive  than  the  ordinary  *Davy'  lamp  should  also  be  a 
frequent  precaution  in  dusty  and  fiery  collieries.  In  collieries  where 
the  *Davy'  lamp  is  used  to  examine  the  workings  for  fire-damp, 
there  must  be  at  least  from  3  per  cent,  to  4  per  cent,  of  this  gas 
present  in  the  air  before  it  can  be  detected,  and  as  has  already  been 
seen  both  Mr  William  Galloway  and  Sir  Frederick  Abel  are  of  the 
opinion  that  1  per  cent,  to  2  per  cent,  of  fire-damp  present  in  the  air, 
and  coal-dust  plentiful  in  the  workings,  might  cause  a  disastrous 
explosion. 

Wherever  a  coal  seam  that  gives  off  fire-damp  to  any  extent  is 
worked,  the  air  in  the  workings  must  always  contain  a  greater  or  less 
proportion  of  this  gas,  no  matter  how  efficient  the  ventilation  may 
be.  Special  precautions  should  always  be  taken  under  such  circum- 
stances, and  an  examination  made  with  a  Mueseler  lamp,  burning 
spirit,  or  some  other  good  fire-damp  detector. 

The  following  problems  are  given  to  further  illustrate  the  appreciation  of  some 
of  the  formulas  given  in  the  foregoing  chapter  on  ventilation  : — 

Example. — Two  airways,  one  10  ft.  x  6  ft  x  300  fathoms  long,  and  the  other 
4  ft  X  6  ft.  X  500  fathoms  long,  circulate  a  total  quantity  of  30000  cub.  ft.  per 
minute.  What  quantity  of  air  would  at  a  pressure  of  1  lb.  per  sq.  ft  at  the 
down-cast  shaft  pass  into  each  under  the  same  conditions  ? 

Let  the  10  ft.  x  5  ft.  airway  be  designated  x  and  the  other  y. 

In  the  case  of  x  PA=    ^ 

PA  =  KSv2  KSir» 

1  X  50  =  -01  X  30  x  1800  X  i;8  1  x  24  =  '01  x  20  x  3000  x  iP. 
l  =  108v»  l  =  25ir» 

.%  ^= Jog,  and  v=  ^^0925=  390  .'•  '^^=25  ^"^  ^^  \/'0i'=  -200 

Now  V  =  -390  X  1000  =  390  ft  per  minute       V=  200  x  1000=200  ft  per  minute 
And  Q=VxA  =  390x  50  =  19500  cub.ft        Q=VxA=200x 24  =  4800  cub.  ft 

per  minute  per  minute 

(Quantity  of  air  circulating  in  x).  (Quantity  circulating  in  y). 

Therefore  x  +  y  =  19500  +  4800  =  24300  cub.  ft 
circulating  with  a  pressure  ot*  1  lb. 

But  the  total  quantity  circulating  in  both  airways  was  30000  cub.  ft  per 
minute. 

.••  (by  proportion)  24300  :  30000  :  :  4800  :  y 

and  y^30000x4800^^Q^g.Q^  ^^^  ^^         ^^^.^^^^^ 
^  24300 

and  30000  -  5925  92  =  24074*08  cub.  ft  per  minute = quantity  passed  by  x. 

2  A 
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Example. — If  two  airways  of  the  same  area  pass  a  total  quantity  of  air  equal  to 
10000  cub.  ft.  per  minute,  subject  to  the  same  pressure  in  each  case,  the  resist- 
ance in  the  airways  being  in  the  proportion  5  to  1,  what  proportion  would  each 
airway  pass  respectively  t 

This  problem  may  be  worked  out  in  same  way  as  the  preceding 
one,  or  by  the  formula  represented. 

R  =  a/*^  where  R  is  the  relative  quantity  going  into  each. 

Let  the  two  airways  be  represented  by  x  and  y,  and  let  A  equal  1  in  both  cases. 

Then  R = \/ -^  =  /v/  —  =  1  =  relative  quantity  in  x 

and  R=/v/= '4 47= relative  quantity  in  y. 

The  actual  quantities  passing  into  x  and  y  will  therefore  be  found  by  pro- 
portion, 

thus  1-447  :  '447  :  :  10000  :  y=  *iiL^l^^  =  3089-15  cub.  ft.  per  minute, 

1*447 

and  a;  =  10000- 3089 -15  =  6910*85  cub.  ft.  per  minute. 

Example. — Find  the  total  quantity  of  air  per  minute  passing  in  an  airway 
10  ft  X  7  ft.  X  2000  ft.,  at  a  pressure  of  8*5  lbs.  per  sq.  ft.  (PA  =  KSr^). 

Here?  =  8-6  lbs.;  A=70sq.  ft;  Per  =  34;  8  =  34x2000;  ar^  =  /'-A_^ 
8-6x70=  •01x34x2000x1/2 
T= -01x20x40x1/2=81;^ 
v^=i  ;  and  v=  V8750=  '9354 
and  Q  the  total  quantity  =  '9354  x  1000  x  70  =  65478  cub.  ft.  per  minute. 

Example, — If  the  quantity  of  air  passing  round  a  mine  is  10000  cub.  ft.  per 
minute  before  splitting,  when  the  size  of  airway  is  6  ft  x5  ft.  x  1200  ft.  long, 
what  quantity  will  circulate  if  the  current  is  split  respectively  into  two,  three, 
and  four  equal  parts,  the  ])ressure  and  other  conditions  remaining  the  same  % 

Here  the  pressure  and  rubbing  surface  will  be  the  same  in  each  case,  therefore 
the  quantity  will  vary  as  ^^^A^  or  Qn  =  ^Jn  xnxQ. 

(1)  Qni=  V^x  2  X  10000  =  28280  cub.  ft  in  two  equal  splits. 

(2)  Qn2=  V3  X  3  x  10000  =  51930  cub.  ft  in  three  equal  splits. 

(3)  Q7i3=  ^4  X  4  X  10000  =  80000  cub.  ft  in  four  equal  splits. 

Example. — A  down-cast  shaft,  14  ft  diameter  and  at  a  temperature  of  50°  F., 
passes  121,000  cub.  ft  per  minute.  What  size  of  shaft  would  the  up-cast  require 
to  be,  if  the  velocity  of  air  current  in  both  shafts  is  to  be  equal,  supposing  the 
temperature  in  the  up-cast  is  100**  F.t 

Velocity  in  down-cast  =  5  =  ^?!^^:=  786-1  ft  per  minute. 
A     14^  x*/ 854 

Increase  of  volume  in  up-cast=^= 1^15^^^= 13180-82  cub.  ft 
^  459  459 

.*.  total  volume  in  up-cast  =  121000  +  13180-82  =  134180'82  cub.  ft 
and  area  of  up-cast  =  5  ^li^l?^'??^  170-69  sq.  ft 

.'.  diameter  of  iip-cnst  =  /vA4^^  =  14-74  ft 
^     '7854 
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^xample.--Two  shafts,  each  16  ft.  x  5  ft.  x  100  fathoms  deep,  are  connected  by 

a  drift  11  ft.  X  5  ft.  X  400  yds.  long,   the  quantity  of  air  passing  being  80000 

cub.  ft  per  miuute.    Find  the  quantity  that  would  pass  if  another  drift  were  added 

\l<  mu       ^  ^^^  ^^^'  ^°"^'  ^^)  ^^^^  ^^^^  pressure,  (2)  with  same  horse-power? 

(1)  The  pressure  required  will  be  the  same  for  each  shaft 

NowPxA=KxSxv2 

Therefore  P  x  16  x  6= '01  x  40  x  600  x  /'.J0000_\3 

\76xl000/ 

.%  P=  -01  X  8  X  40  X  (-|- y=  -61  lb.  per  sq.  ft 
and  the  pressure  in  each  shaft  =  '61  x  2= 1*02  lbs. 
(2)  Find  pressure  in  drift     P  x  65  =  -01  x  82  x  1 200  x  f    ^^^^^    V 
!>.,.«,      .,  \b6xlQ00j 

Pxllxl21  =  -01x32x240x36 

.  p_ '01x32x240x36    «..^  „  .^ 

If  another  drift  of  the  same  size  were  added,  the  velocity  would  be  halved,  and 
therefore  would  only  require  k  the  pressure  and  ^-^=  -617  lb.  to  pass  16000 
cub.  ft  in  each  airway. 

Pressure  in  shaft  and  drift  before  splitting =2 '07  x  l-02=3-09  lbs. 
, ,      after  adding  an  additional  au-way= 1  '02  x  '617  =  1  '637  lbs. 
Now  quantity  oo  ^pressure.     .  •.  jr5B7  :   J¥Od  :  :  30000  cub.  ft 
.*.  1-23  :  1-75  ::  30000  :  z 

and  aj= j^g =42482*92  cub.  ft  per  minute  (when  the  second  drift  is 


added). 


H.P.  before  adding  AiW.y-30QO0x3'09_g,g 
^  33000      " 


X^mple.—li  the  difference  in  temperature  between  the  up-cast  and  down-cast 
shafts  is  increased  four  times,  how  is  the  pressure  and  quantity  altered  ? 

(1)  The  pressure  varies  as  the  difference  of  temperature  between  the  up-cast 
and  down-cast,  so  if  the  latter  increases  four  times,  the  pressure  will  also  be  in- 
creased four  times. 

(2)  The  (luantity  varies  as  /v/difforeiice  of  temperature  between  the  two  shafts. 
Therefore  increasing  the  temperature  four  times  increases  the  quantity  by  the 
\/4  =  two  times. 


OHAPTEE  XTTT. 

« 

SAFETY  LAMPS. 

It  is  now  over  eighty  years  since  Sir  Humphry  Davy  crowned  his 
long  and  patient  researches  by  the  invention  of  his  safety  lamp,  an 
event  which  marked  a  new  epoch  in  coal-mining.  Before  Davy's 
time  the  miner  had  to  rely  on  very  insecure  methods  for  detecting  or 
for  working  in  the  presence  of  fire-damp.  At  the  beginning  of  this 
century  Spedding's  steel  mill  was  the  only  apparatus  which  enabled 
him  to  continue  his  work  in  the  presence  of  small  accumulations  of 
gas.  By  this  machine,  which  was  soon  demonstrated  to  be  unsafe, 
and  which  was  the  cause  of  numberless  explosions,  the  miner  was  en- 
abled to  work  by  the  faint  light  of  an  intermittent  spark  resulting 
from  the  contact  of  a  piece  of  flint  with  a  revolving  steel  disc. 

Since  the  introduction  of  the  Davy  lamp,  large  numbers  of  other 
safety  lamps  have  been  patented,  but  all  are  on  practically  the  same 
principle  as  Sir  Humphry  Davy's,  although  some  are,  of  course,  a 
great  improvement  on  the  original,  both  as  regards  safety  and  lighting 
power. 

Definition, — "  Safety  lamps  are  contrivances  by  which  a  light,  sur- 
rounded by  an  explosive  mixture  of  fire-damp  and  air,  may  be  main- 
tained in  lamps  without  communicating  flame  to  the  outside  atmos- 
phere." As  at  present  constructed,  they  depend  upon  the  fact  that 
flame,  when  brought  in  contact  with  wire  gauze  of  certain  degrees 
of  fineness,  cannot  pass  through  it,  owing  to  the  rapidity  with  which 
the  heat  is  conducted  away,  so  that  it  cannot  be  commimicated  to  the 
outside  atmosphere. 

Sir  Humphry  Davy  first  demonstrated  this  by  some  experiments  he 
made  with  metallic  tubes.  He  found  that  it  was  easy  enough  to  efiect 
an  explosion  of  fire-damp  and  air  in  a  wide  vessel,  but  that  it  was 
impossible  to  effect  it  in  a  narrow  metallic  tube. 

Metallic  tubes  ^  of  an  in.  in  diameter  and  \\  in.  long  pre- 
vented an  explosion,  and  this  phenomenon,  according  to  Davy,  probably 
depended  "  upon  the  heat  lost  during  the  explosion  in  contact  with 
80  great  a  cooling  surface,  which  brings  the  temperature  of  the  first 
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portions  exploded  below  that  required  for  the  firing  of  the  other 
portions  ;  and  it  has  been  already  shown  that  the  fire-damp  requires  a 
very  strong  heat  for  its  inflammation.  Mixture  of  the  gas  with  air  I 
found,  likewise,  would  not  explode  in  metallic  canals  or  troughs,  when 
their  diameter  was  ^  of  an  in.,  and  their  depth  considerable  in  pro- 
portion to  their  diameter,  nor  could  explosions  be  made  to  pass 
through  such  canals.  Explosions,  likewise,  I  found  would  not  pass 
through  very  fine  wire  sieves  or  wire  gauze."  Now  wire  gauze  is 
nothing  more  than  a  series  of  small  tubes,  having  very  small  diameters, 
and  of  very  short  lengths.  The  wire  gauze  mostly  used  for  safety 
lamps  has  784  apertures  to  the  sq.  in. 

Davyi  Lamp, — This  lamp,  as  originally  constructed,  consisted  of  a 
small  cylindrical  vessel  h  for  holding  the  wick  and  oil,  provided  at  the 
bottom  with  a  pricker  /  for  trimming  the  former, 
and  surmounted  by  a  cylinder  of  wire  gauze  a, 
made  double  at  the  top,  and  supported  by  small 
iron  rods  c,  terminating  in  the  cover  d,  to  which  is 
attached  a  handle.  The  gauze  cylinder  is  about  1| 
in.  diameter  and  7  in.  long,  with  wires  about  ^^  of 
an  in.  in  diameter,  having,  as  already  stated,  about 
784  openings  per  sq.  in.,  through  which  air  enters  to 
keep  the  flame  burning  freely.  If  a  certain  percen- 
tage of  fire-damp  enters  along  with  the  air,  the  mix- 
ture will  ignite  and  fill  the  space  inside  the  gauze 
with  flame ;  but  as  soon  as  this  flame  comes  into  con- 
tact with  the  wire  gauze,  it  is  immediately  cooled 
down,  and  cannot  pas^  through  the  opening  unless  it 
is  allowed  to  burn  until  the  gauze  becomes  heated  to 
a  certain  temperature,  when  the  flame  can  pass 
through  to  the  outsjde. 

An  explosion  may  be  brought  about  by  a  *  Davy  * 
lamp  in  several  ways,  such  as : — 

(1)  By  allowing  gas   to   bum   inside   until   the 

gauze  becomes  red  hot. 

(2)  By  allowing  a  strong  current  of  air  to  blow  against  the  lamp, 

thus  forcing  the  flame  through  the  gauze,  which  occurs  when 
the  air  attains  a  velocity  of  about  5  ft.  per  second. 

(3)  By  a  sudden  jerk  or  shock  to  the  lamp,  or  by  a  shock  due  to 

heavy  blasting  operations. 

(4)  By  the  miner  carelessly  damaging  his  lamp  or  opening  it  in 

the  presence  of  an  explosive  mixture. 

The  great  disadvantage  of  the  *  Davy  *  lamp  is  the  very  poor  light 
that  it  gives,  y\  to  ^  of  a  candle  power  only. 

The  *  Davy '  lamp  in  its  original  form  is  little  used  now,  being 
unsafe  in  most  collieries,  where  the  air  now  travels  at  such  high 
velocities  round  the  workings. 

Glanny  Lamp. — This  lamp  is  similar  to  the  *  Davy '  lamp  in  con- 


Fio.  444.— Davy 
Lamp. 
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struction,  but  has  a  glass  cylinder  a  instead  of  the  lower  portion  of  the 
gauze,  which  enables  it  to  give  a  much  better  light,  and  to  be  more 
easily  carried  in  an  air  current ;  but,  on  the  other  hand,  it  causes  an 
explosion  more  readily,  owing  to  the  area  of  gauze  cylinder  being 
smaller  than  in  a  *  Davy.'  It  is  also  unsafe  in  a  very  strong  current 
of  air,  as  it  will  readily  pass  the  flame  when  the  air  is  travelling  at 
a  velocity  of  6  or  7  ft.  per  second.  This  lamp  is  not  now  used  imless 
it  has  an  additional  protection  in  the  shape  of  an  iron  shield  sur- 
rounding the  outside  of  the  gauze. 

Stephenson  Lamp. — The  essential  points  of  dissimilarity  between 
a  '  Davy '  lamp  and  a  *  Stephenson '  lamp  are  that,  whereas  in  the 
former  the  flame  is  simply  surrounded  by  a  wire  gauze  through 


Fig.  445.— Clanny  Lamp. 


Fig.  446. — Stephenson  Lamp. 


which  the  air  passes,  in  the  latter  the  flame  is  surrounded  and  bums 
within  a  glass  cylinder  a,  covered  at  the  top  with  a  perforated  copper 
cap  b,  and  is  fed  by  air  passing  through  perforations  in  a  metal  ring 
c  at  the  bottom.  The  lamp  has  in  addition  the  wire  gauze  of  the 
*  Davy,*  and  if  the  glass  happens  to  get  broken  it  still  remains  safe. 

Like  the  *  Davy,'  the  *  Stephenson '  lamp  has  a  very  small  illum- 
inating power,  and  is  very  readily  extinguished,  but  is  very  much 
safer  than  the  former  in  air  currents,  as  it  will  not  *  pass '  the  flame 
until  the  velocity  of  the  air  reaches  8  to  10  ft.  per  second. 

This  lamp  is  now  little,  if  at  all,  used  in  fiery  mines. 

Marsaut  Lamp. — The  *Marsaut'  lamp,  which  was  the  invention 
of  a  well-known  French  mining  engineer,  differs  very  little  from 
the  *  Clanny'  lamp.     Instead   of  having  a  single  gauze  like  the 
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'Clailny/  it  is  provided  with  two  or  three  gauzes  fitted  into  the  inside 
of  each  other,  which  tends  greatly  to  increase  the  safety  of  the  lamp. 

As  used  in  Britain  it  is  made  with  two  gauzes  only,  with  the 
addition  of  an  iron  shield  as  a  further  protection,  and  in  this  form 
it  is  a  very  safe  kind  of  lamp  for  use  in  fiery  mines. 

The  Marsaut  lamp  is  largely  used  botli  in  England  and  Scot- 
land, and  has  much  to  recommend  it,  as  it  does  not  pass  the  flame 
until  a  very  high  velocity  of  air  current  is  reached,  and  it  has  the 
further  advantage  of  not  being  so  easily  extinguished  as  some  other 
forms  of  safety  lamps.  For  oncast  men  especially,  such  as  roadsmen, 
pony-drivers,  etc.,  the  Marsaut  is  to  be  recommended,  as  the  nature 
of  work  those  persons  are  engaged  in  varies  greatly  from  that  of 
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Fig.  4^7  — Marsai.t  Lamp. 


Fig.  448. — Mueseler  Lamp. 


a  miner  working  at  the  coal  face,  where  a  lamp  is  used  under  more 
favourable  circumstances,  being  in  most  cases  kept  perfectly  still  or 
at  most  moved  about  only  over  small  areas.  In  collieries  where 
there  is  only  a  small  amount  of  fire-damp  given  off,  this  lamp  is 
often  used  without  the  outer  shield,  and  with  only  two  gauzes,  which 
makes  it  much  better  suited  for  underground  requirements,  as  the 
amount  of  light  given  out  is  much  increased  by  the  freer  supply  of 
air  that  the  flame  receives,  and  the  latter  is  not  so  easily  ex- 
tinguished as  when  the  shield  is  used. 

Mueseler  Lamp, — The  Mueseler  lamp  is  constructed  somewhat 
like  the  Marsaut.  It  has  the  glass  cylinder  round  the  flame  in 
the  same  way,  but  instead  of  having  two  or  three  gauzes  it  has  a 
single  gauze  only,  with  a  conical-shaped  metal  chimney  a  (fig.  448) 
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fitted  inside,  immediately  above  the  glass  cylinder,  to  which  it  is  fixed 
by  a  ring  of  gauze  b.  The  air  to  feed  the  flame  passes  first  through 
the  outer  gauze,  then  through  the  gauze  cap  between  the  metal 
chimney  and  the  glass  to  the  flame,  and  the  products  of  combustion 
pass  up  the  metal  chimney  through  the  gauze  cylinder  and  into  the 
atmosphere.  The  metal  chimney  has  thus  a  double  purpose  to 
serve,  viz.,  to  create  a  strong  upward  draught  and  to  insure  the  inlet 
air  being  drawn  down  close  to  the  glass  to  keep  it  cool.  When  fire- 
damp is  suddenly  ignited  in  this  lamp  the  resulting  gases,  principally 
COg,  fill  up  the  conical  chimney  and  speedily  extinguish  the  flame. 

The  great  drawback  to  this  lamp  is  the  readiness  with  which  the 
light  is  extinguished,  it  being  very  sensitive  to  the  least  shock  or  jerk, 
while,  if  held  slightly  out  of  the  perpendicular,  the  light  at  once  goes 
out  through  the  supply  of  air  being  cut  off.  Nevertheless,  it  is  exten- 
sively used  both  in  Britain  and  in  other  European  countries,  and  is 
both  good  and  safe  where  there  is  plenty  of  ventilation. 

The  Royal  Commissioners  on  Accidents  in  Mines  objected  to  this 
lamp  on  the  following  groimds : — 

"is  very  easily  put  out. 

The  glass  is  easily  broken  by  a  blow,  by  the  flame  playing  on 
it,  or  by  cold  water  coming  in  contact  with  the  hot  glass. 

(3)  There  are  difl&culties  in  getting  tight  joints  where  the  metal 

ring  and  glass  cylinder  meet. 

(4)  Difl&culties  arise  from  combustion  with  a  tendency  to  smoke 

the  glass,  thus  lowering  the  illuminating  power. 

These  objections  might  also  be  urged  against  nearly  all  the  safety 
lamps  at  present  in  use. 

Hepplewhite-Chray  Lamp, — In  this  lamp  and  its  newer  modifications, 
the  construction  diflfers  somewhat  from  any  other  safety  lamp ;  the 
diflferences  consisting  chiefly  of  the  manner  the  air  is  admitted  to  feed 
the  flame,  and  also  in  the  shape  of  the  glass  cylinder  surrounding  the 
latter  (fig.  449). 

The  standards  for  supporting  the  lamp,  instead  of  being  solid,  as 
they  are  in  other  lamps,  are  made  of  tubes  down  which  the  air 
passes  to  an  annular  chamber,  situated  immediately  over  the  oil 
vessel,  and  protected  by  wire  gauze. 

In  the  form  in  which  this  lamp  is  now  made,  there  are  only  three 
inlet  tubes  instead  of  four  as  formerly,  one  of  the  tubes  being 
considerably  broader  than  the  others  and  acting  as  a  deflector. 

The  glass  surrounding  the  flame,  instead  of  being  cylindrical  in 
shape,  is  made  in  the  form  of  a  cone,  and  is  very  much  longer  than 
the  glass  of  an  ordinary  safety  lamp.  Immediately  above  the  glass 
is  a  gauze,  also  of  conical  shape,  and  outside  that  a  cone  of  metal,  the 
whole  forming  a  very  strong  compact  lamp.  In  addition  it  is  fitted 
with  a  shut-oflf  arrangement,  so  that  the  air  can  be  admitted  either 
at  the  top  or  bottom  of  the  tubes.  In  the  new  form  a  shield-plate 
a  a,  which  is  part  of  the  hood,  projects  over  and  completely  covers 
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the  top  of  the  inlet  tubes,  and  prevents  the  lamp  from  being  ex- 
tinguished as  readily  as  the  older  type.  The  air  passes  down  the 
tubes,  while  the  products  of  combustion  pass  upwards  and  out  into 
the  atmosphere  by  two  horizontal  rows  of  holes  h  &,  in  the  hood  c. 
To  facilitate  the  cleaning  of  the  lamp,  the  ring  securing  the  glass  is 
screwed  on  to  a  vertical  plate  d,  which  forms  the  air  inlet.  This 
arrangement  enables  the  whole  of  the  inside  to  be  quickly  and  easily 
removed  when  the  lower  gauze  ring  is  imscrewed.  It  is  claimed 
for  this  lamp  that  it  gives  a  much  superior  Hght  to  any  other 
form,  owing  to  the  shape  of  the  glass,  which  allows  the  rays  of  light 
to  be  projected  in  all  directions,  thus  permitting  the  roof  to  be 
examined  with  ease  without  tilting  the  lamp.  It  is  also  claimed 
for  it  that  very  small 
quantities  of  gas  can 
be  readily  detected 
by  its  means.  The 
author  has  had  little 
practical  experience  of 
this  lamp,  but  some 
time  ago  some  prac- 
tical firemen  and 
overmen,  who  were 
attending  a  class  in 
Lanarkshire  to  which 
he  was  lecturing, 
mostly  made,  under 
his  directions,  a  num- 
ber of  tests  with  the 
Gray  lamp,  and  at 
the  same  time  with 
Mueseler  and  Marsaut 

lamps;   and  reported    Fig.  449.— Hepple  white-  Fig  460.— Wolf  Lamp, 

that  the  former  could  Gray  Lamp. 

be    used    to    detect 

small  quantities  of  gas  much  more  easily  and  quickly  than  either 
of  the  others.  The  only  objections  to  the  use  of  the  Gray  lamp 
are  its  weight  and  expensiveness,  but  there  can  be  little  doubt 
that  it  is  a  very  superior  lamp  for  use  underground.  It  is  very  safe 
in  every  respect  and  can  withstand  almost  any  current  of  air  met 
with  in  collieries,  having  been  tested  with  velocities  up  to  100  ft. 
per  second  without  passing  the  flame. 

Wolf  Safety  Lamp, — This  safetj^  lamp,  constructed  to  bum 
benzine,  is  very  largely  used  on  the  Continent.  It  is  somewhat 
similar  to  an  ordinary  Marsaut  lamp,  with  two  gauzes,  and  is  pro- 
vided with  a  corrugated  shield,  provided  with  apertures,  which  is  said 
to  give  it  additional  safety  and  allows  of  its  burning  more  freely. 

It  is  also  provided  with   an  *  igniter '  for  relighting  it  if   extin- 
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guished,  without  rendering  it  necessary  to  unscrew  the  bottom  of 
the  lamp,  which  is  a  great  advantage.  The  fastening  is  secured  by 
a  magnetic  lock,  and  cannot  be  opened  without  the  aid  of  a  powerful 

magnet.  It  is  said  to  give  a 
much  better  light  than  an 
ordinary  safety  lamp  burning  oil, 
and  can  withstand  strong  air 
currents,  and  detect  small  per- 
centages of  gas,  while  the  cost 
of  fuel  is  low  compared  with 
other  lamps. 

Wolf-Dahlmann  Lamp. — This 
may  be  said  to  be  an  improved 
Wolf  lamp.  In  it  the  air  is  con- 
ducted from  above  the  flame 
through  a  gauze  ring  1^  ins.  in 
height,  which  is  covered  by  a 
movable  brass  cylinder.  The  pro- 
ducts of  combustion  are  carried 
off  by  an  inner  brass  cylinder, 
at  the  top  of  which  is  fixed  a 
wider  cylinder  (see  fig.  445),  the 
latter  being  capped  with  wire 
gauze.  Inside  the  inner  brass 
cylinder  is  a  gauze  chimney,  so 
arranged  that  it  can  be  taken  out 
for  the  purposes  of  cleaning.  By 
means  of  this  simple  arrange- 
ment the  products  of  combustion 
rapidly  pass  off,  while  fresh  air 
enters  from  all  sides  through  the 
gauze  to  the  flame  without  becom- 
ing mixed  with  the  products  of 
combustion.  In  this  manner  a 
good  circulation  results,  which 
causes  the  flame  to  burn  steadily 
and  brightly,  while  it  is  easy  to 
light  the  lamp  while  locked  by 
means  of  the  igniter  which  is 
placed  within  it. 

*  Evan  Ecani's  Lamp. — This  is  a 
bonneted  Clanny  lamp,  with  the 
bonnet,  which  extends  from  the 
flanee  above  the  glass  to  the  dome 
of  the  lamp  case,  fixed  permanently.  The  air  is  admitted  through  a 
series  of  holes  in  the  horizontal  flange  above  the  glass.     The  products 


Fig.  451.— Wolf-Dalilmann  Lamp. 


Report  of  Royal  Commission  on  Accidents  in  Mines,  p.  206., 


SAFETY  LAMPS. 


379 


of  combustion  escape  through  a  series  of  holes  in  the  top  of  the 
bonnet  (see  fig.  452).  This  lamp  is  also  provided  with  an  automatic 
arrangement  for  closing  it  in  the  event  of  gas  becoming  ignited  in- 
side the  gauze,  the  main  features  of  this  arrangement  being  as 
follows  : — Within  the  bonnet  and  surrounding  the  gauze  are  two 
cylinders  of  the  same  height  closely  fitting  one  another.  The  inner 
cylinder  is  open  at  the  top  and  is  perforated  near  the  bottom  with 
fifteen  holes,  each  J  in.  in  diameter.  The  outer  cylinder,  which  is 
closed  at  the  top,  is  perforated  near  the  top,  with  a  similar  series  of 
holes.  A  rod  slides  through  a  tube  and  is  maintained  in  position  by 
a  loop  of  thread  close  to  the  gauze  and  stretched  between  two  hooks. 
If  this  loop  gets  burned  through,  by  gas  burning  inside,  the  rod  is 


Fig.  452. — Evan  Evan's  Lamp. 


Fig.  453. — Evan  Thomas  Lamp. 


no  longer  held  in  position,  and  a  strong  spiral  spring  between  the 
top  of  the  outer  cylinder  and  the  dome  of  the  lamp  pushes  the 
former  down  over  the  inner  cylinder,  and  thus  closes  both  series  of 
holes  simultaneously,  and  extinguishes  the  flame  in  a  few  seconds. 

Evan  Thomas  Lamp. — This  was  one  of  the  lamps  which  was  tested 
by  the  Mines  Commission,  and  reported  upon  as  giving  very  satisfac- 
tory results.  In  its  principles  and  construction  it  is  an  improved 
form  of  the  Clanny  lamp.  At  the  bottom  of  the  gauze  cylinder  is  a 
close  fitting  brass  ring  or  tube  about  1  in.  high,  the  top  of  the  ring 
terminating  in  a  horizontal  flange,  which  extends  to  within  about  y^ 
of  an  inch  of  the  outside  shield  or  bonnet.  Through  this  small  space 
the  inlet  air  is  admitted  to  feed  the  flame,  the  products  of  combustion 
passing  out  at  the  top  of  the  bonnet. 
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The  Evan  Thomas  lamp  is  simple  in  construction,  gives  a  fairly 
good  light,  and  is  safe  in  currents  of  air  travelling  with  a  velocity  of 
over  50  ft.  per  second.  It  has  also  the  advantage  of  not  being  very 
readily  extinguished  by  a  sudden  jerk  or  by  being  held  on  the  slant. 
In  an  explosive  atmosphere,  however,  it  soon  becomes  extinguished. 

The  following  table  of  experiments  with  safety  lamps  in  currents 
of  air  of  different  velocities  is  interesting,  as  it  shows  the  behaviour 
of  different  lamps  and  the  ratio  of  safety  under  these  conditions. 

Percentage  of   Velocity  of     D-j-^tion  of 
Name  of  Lamp.       Gas  prison t   Air  in  ft.  per  ExDoriment  Results, 

in  air.  minute.  p     m    n. 

Davy  lamp, .        .       7  per  cent,  600  10  seconds.  Explosion. 

.        .       7      „  400  60  „ 

„         .        .      7      „  370  180  ,,  No  explosion. 

Davy  (shielded),  .       7      „      '  800  60  „  „ 

„     (in  can),     .       7      „  1500  60  „  „ 

Stephenson  lamp  safe  up  to  800  ft.  per  minute. 

Clanny             „           „          600  „           „ 

Mueseier  lamp,    .       8  per  cent.  2888  5  „  Lamp  went  out. 

„          „         .13      „  2888  75  ,,  Ck)ntinued  to  bum. 

„          „         .     13      „  600  6  ,,  Explosion. 

The  Marsaut  lamp  gave  the  same  results  as  the  Mueseier,  but  it 
was  found  that  if  the  current  of  air  was  reversed  while  being 
admitted  to  the  flame,  an  explosion  occurred  in  5  seconds.  The 
number  of  safety  lamps  that  have  been  patented  and  placed  on  the 
market  is  so  large  that  it  would  take  a  large  volimie  to  fully  describe 
them  all.  One  writer  enumerates  over  seventy,  and  that  by  no 
means  exhausts  the  list. 

Firedamp  Indicators, — Within  the  last  few  years  a  large  number 
of  instnunents  for  detecting  small  percentages  of  fire-damp  have 
been  brought  before  the  mining  public,  but  very  few  of  them  are  of 
much  practical  use  to  the  miner,  most  of  them  being  too  complicated 
in  design,  too  sensitive  to  be  handled  freely,  and  too  expensive. 

Hydrogen  Indicator. — It  has  long  been  known  that  the  pale  hot 
flame  of  hydrogen  gas  is  very  sensitive  to  the  presence  of  fire-damp, 
even  when  the  latter  is  present  in  very  small  quantities.  Professor 
Clowes  has  invented  a  lamp  in  which  a  hydrogen  flame  is  used  for 
the  detection  of  small  percentages  of  CH^.  The  accompanying 
figure  (454)  shows  this  apparatus  as  used  in  conjunction  with  an 
ordinary  Heppelwhite-Gray  safety  lamp.  A  small  cylinder  C,  con- 
taining hydrogen  at  very  high  pressure,  is  attached  to  the  lamp,  and 
at  the  bottom  of  the  cylinder  a  tube  B,  of  small  diameter,  is  con- 
nected with  the  interior  of  the  safety  lamp,  the  top  of  the  tube  being 
just  about  on  a  level  with  the  burning  wick  W.  When  a  test  is  to 
be  made,  hydrogen  is  admitted  through  the  small  tube  B,  by  opening 
a  tap  T,  with  a  key.  The  flame  of  the  ordinary  wick  immediately 
lights  the  hydrogen,  the  jet  of  which  can  be  regulated  to  any  re- 
quired size  of  flame.      The  ordinary  wick  is  then  drawn  down  by 
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means  of  the  pricker,  and  the  large  flame  being  extinguished,  the 
indicator  is  ready  to  make  a  test  with  the  hydrogen  flame  alone. 
A  small  ladder-like  scale  S  is  fixed  inside  beside  the  flame,  to  measure 
the  percentage  of  gas  found,  each  of  the  steps  on  the  scale  being  a 
definite  value.  The  lamp  is  guaranteed  to  measure  as  little  as  0*25 
per  cent,  of  fire-damp  in  air.  The  small  hydrogen  cylinder  can  be 
detached  and  carried  in  the  pocket  when  not  required  for  testing, 
and  the  safety  lamp  can  then  be  used  in  the  ordinary  way. 

StoJces'  Indicator. — In  this  lamp  'absolute  alcohol'  is  employed 
to  produce  a  flame  for  detecting  the  presence  of  small  quantities  of 
fire-damp.  The  indicator  may  be  used  with  any  ordinary  safety 
lamp,  and  is  a  very  simple  arrangement,  shown  in  fig.  455. 

A  small  vessel  ee,  having  a  thin  tube  and  wick,  screws  into  an 
opening  at  the  bottom  of  the  safety  lamp,  the  top  of  this  tube  reaching 


Fio.  454. — Hydrogen  Indicator. 


Fig.  455. — Stokes'  Indicator. 


to  the  top  of  the  wick  a,  where  it  can  be  lighted  ;  a  slit  i,  at  the 
top  of  the  alcohol  tube  gives  the  standard  flame  for  testing.  When 
a  test  is  about  to  be  made,  the  brass  plug  c,  which  fits  the  opening 
at  the  bottom  of  the  lamp,  is  unscrewed,  and  the  tube  of  the  indica- 
tor inserted.  In  a  few  seconds  the  heat  will  cause  the  alcohol  to 
ascend  and  ignite  at  the  oil  flame.  The  oil  wick  is  then  drawn  down 
by  the  pricker  h,  and  the  test  proceeded  with.  After  it  is  com- 
pleted the  oil  wick  can  be  raised  and  re-lighted  at  the  alcohol  flame. 
The  alcohol  vessel  is  then  unscrewed,  the  plug  c  put  in,  and  the 
lamp  again  becomes  an  ordinary  safety  lamp.  It  is  said  to  be 
capable  of  indicating  as  little  as  J  per  cent,  of  CH4  in  air. 

Fieler  Lamp. — The  Pieler  indicator  may  be  described  aa  a  large 
Davy  lamp  constructed  to  bum  pure  alcohol  with  a  special  wick. 
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The  air  which  supplies  the  flame  is  admitted  by  a  tube,  protected  by 
superposed  discs  of  gauze,  which  pass  vertically  through  the  vessel 
containing  the  alcohol.  Immediately  above  the  burner  and  sur- 
rounding the  flame,  is  a  short,  conical  chimney,  open  at  both  ends, 
and  before  making  tests,  the  flame  should  be  adjusted  in  pure  air,  so 
that  it  comes  exactly  to  the  top  of  the  chimney.  When  burning  in  a 
mixture  of  fire-damp  and  air  the  flame  shows  a  much  more  con- 
spicuous cap  or  *halo'  than  can  be  produced  by  the  flame  of  an 
ordinary  safety  lamp  burning  mineral  or  vegetable  oil.  A  scale  is 
fixed  in  front  of  the  lamp  for  measuring  the  different  percentages 
according  to  the  height  of  the  flame.     The  apparatus  is  said  to  be 


¥lQ.  466.— Pieler  Lamp. 


Fio.  467. — Chesneau  Lamp. 


capable  of  detecting  the  presence  of  J  per  cent,  of  fire-damp  in  air. 
While  there  is  no  doubt  that  it  is  a  most  sensitive  gas-detector,  it  is 
in  its  present  form  practically  useless  for  the  ordinary  usage  to 
which  safety  lamps  are  subjected  when  testing  for  gas  imderground. 
It  is  too  sensitive,  too  easily  extinguished,  and  requires  to  be  very 
carefully  handled,  as  the  vapour  given  off"  from  the  burning  liquid  is 
itself  highly  explosive  when  mix^  with  air.  The  lamp  as  now  con- 
structed is  fitted  with  a  shield  and  is  much  safer,  in  currents  of  air, 
than  the  original  type. 

Chesneau   Lamp, — This   apparatus   is  also   constructed  to  bum 


SAFETY  LAMPS. 


383 


alcohol,  and  is  somewhat  like  the  Pieler  indicator.  It  is  constructed 
of  a  brass  reservoir  for  the  alcohol,  surmounted  by  a  circular  crown 
for  the  admission  of  air  (which  can  be  regulated)  through  double 
gauzes.  Besting  on  the  crown  and  surrounding  the  wick-tube  is  a 
solid  cylinder  of  sheet-iron,  which  serves  as  a  screen.  Above  this 
screen  and  resting  on  it,  is  an  iron  wire  gauze  5J  in.  high.  The 
gauze  is  surrounded  by  a  sheet-iron  shield  furnished  with  an  obser- 
vation window  of  mica,  on  which  is  engraved  a  scale  for  measuring 
the  percentages  of  fire-damp.  The  shield  is  fitted  at  its  base  with  an 
annular  diaphragm,  which  closely  surrounds  the  base  of  the  gauze,  so 
that  the  exterior  air  does  not  impinge  directly  on  the  gauze. 

The  interior  of  the  reservoir  contains  a  small  piece  of  cotton  wool 
under  the  wick-tube,  to  prevent  the  rapid  escape  of  alcohol  if  the 
lamp  is  overturned,  while  if  the  apparatus  is  laid  horizontally  it  is 
at  once  extinguished.  It  is  said  that  caps  can  be  observed  when  as 
little  as  0*1  to  0*2  per  cent,  of  fire-damp  is 
present  in  the  air,  and  that  the  cap  becomes 
quite  marked  when  the  percentages  reach  0*5. 

Like  the  *  Pieler '  lamp  it  is  best  suited  for 
making  observations  in  a  still  atmosphere, 
which  is  not  the  ordinary  condition  of  under- 
ground workings.  In  the  *  Chesneau '  lamp, 
dew  fonns  on  the  sheet  of  mica,  by  the  con- 
densation of  the  aqueous  vapour  resulting 
from  the  condensation  of  the  alcohol,  aided 
by  the  cold  external  air  impinging  against  it, 
and  this  prevents  the  observer  from  making 
accurate  observations. 

Electric  Lamps, — With  the  advent  of  elec- 
tricity for  illuminating  purposes,  much  was 
hoped  for  in  the  way  of  lighting  underground 
workings,  but  so  far,  with  the  exception  of 
its  use  for  lighting  pit-bottoms  and  main 
roads,  little  progress  has  been  made,  all  the 
electric  safety  lamps  that  have  been  invented 
up  to  the  present  time  being  of  little  use  so 
far  as  practical  work  is  concerned.  Most  of 
the  electric  lamps  which  have  been  introduced 
have  been  too  large  and  unwieldy,  burned  for 
too  short  periods,  were  liable  to  go  suddenly 
out,  and  were  too  expensive  for  colliery  work. 
An  even  greater  bar  to  their  usefulness  was  pjQ  453.— Sussman  Elec- 
that  they  were  nearly  all  constructed  on  the  trie  Lamp. 

*  wet  battery '  principle,  which  is  not  suitable 

for  underground  work,  where  lamps  are  often  pretty  roughly 
handled. 

Tlie  nearest  approach  to  a  good  portable  safety  lamp  is  that  known 
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as  the  *Su8sman'  patent  electric  lamp.  The  lamp  is  about  the 
same  size  and  weight  as  an  ordinary  safety  lamp,  measuring  2J  in. 
square  and  8  in.  high,  and  weighs  about  3J  lbs. 

It  is  constructed  with  a  dry  battery,  which  is  a  great  advantage, 
as  it  can  be  handled  much  more  freely  without  injury.  It  is  also 
said  to  be  impossible  to  ignite  gas  with  it,  even  although  the  lamp 
gets  broken.  One  defect  of  these  electric  lamps  is  that  they  give  no 
indication  of  the  presence  of  gas,  which  is  a  serious  drawback, 
especially  in  fiery  collieries. 

Construction  of  Safety  Lamps, — In  all  the  improvements  and 
modifications  that  have  been  made  in  safety  lamps  of  late  years,  the 
tendency  has  been  in  one  direction,  viz.,  to  render  them  as  safe  as 
possible  in  currents  of  air  travelling  at  high  velocities.  While  this 
object  is  one  to  be  commended,  a  great  deal  more  than  this  is 
required  of  a  good  safety  lamp,  and  if  some  of  the  inventors  would 
turn  their  attention  to  combining  safety  with  good  illuminating 
power  and  simplicity  of  construction,  they  would  render  good  service 
to  those  who  are  compelled  to  use  such  lamps.  A  very  large  number 
of  safety  lamps,  which  give  a  good  light  when  on  the  surface,  or  in 
the  main  airways  underground,  are  of  little  or  no  use  under  the 
ordinary  conditions  met  with  in  mines,  either  owing  to  the  small 
amount  of  light  which  they  give,  or  the  sensitiveness  which  shows 
itself  by  the  ease  with  which  the  light  becomes  extinguished.  Until 
a  safety  lamp  that  will  give  a  light  equal  to  at  least  one  candle 
power  can  be  placed  in  the  miner's  hands,  it  cannot  be  said  that  the 
limit  of  improvement  has  been  reached. 

Lighting  Fowei'  of  Lamps. — The  lighting  power  of  lamps  is  a  very 
variable  quantity,  and  differs  very  much  under  different  conditions. 
To  obtain  good  results  there  must  be  a  good  burning  oil,  a  fairly 
large  wick  and  burner,  and  a  glass  so  made  that  it  will  diffuse  the 
light  in  every  direction.  With  safety  lamps,  under  ordinary  condi- 
tions, it  takes  about  three  Mueseler's  or  Marsaut's  to  yield  one 
candle  power. 

Some  tests  were  made  a  few  years  ago  with  various  safety  lamps  at 
the  Hamilton  Gasworks,  and  the  following  results  were  obtained  : — 


Name  of  Lamp. 

j:^umDer  oi  ijamps  equal 
to  one  Standard  Candle. 

Oil  burned. 

Naked  light,    . 

0-76 

Paraffin  wax. 

,,             ... 

0-60 

Sweet  oil. 

Davy  lamp, 
Mueseler  (Belgian),  . 

617 

») 

2-51 

i> 

,,        (protector), 

2-02 

Naphtha  spirits. 

WiUiamson  lamp,     . 

1-54 

Sweet  oil. 

*  The  following  table  is  given  by  Professor  Lupton,  showing  the 
*  Lupton's  Mining,  p.  288. 
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light  of  different  safety  lamps  compared  with   that  of  a  standard 


candle : 


Name  of  Safety  Lamp. 


Number  of  lamps  re- 
quired to  equal  one 
standard  sperm  can- 
dle, the  illuminating 
object  being  on  a  level 
with  the  flame. 


Davy  lamp,  good  flame,  .        , 
Protector  shielded  Marsaut,     , 

))  n 

flame  average  height,  . 
Deflector  lamp,  large  flat  flame, 
,,  ,,      moderate  clear, 

Clifl'ord  lamp,  very  good  flame, 
,,         ,,     moderate  flame, 
Ashworth  lamp, 
Stephenson  lamp,  good  flame, 
Tallow  candle,   good   average 
flame,  .... 


13  (average) 


4i 

3 

5 

Wo 

n 
If 


Number  of  lamps  required  to 
equal  one  sperm  candle, 
allowing  for  the  shade  cast 
by  lamp  cover,  bottom,  and 
pillar,  the  candle  and  the 
lamp  being  each  in  a  cylinder 
of  white  tracing  paper  2  ft 
high  and  8  in.  diameter. 

26  (average) 


5  (average) 
23        „ 


The  light  of  safety  lamps  will  depend  a  good  deal  on  the  sort  of 
oil  used  and  the  state  of  the  ventilation ;  light  oils,  such  as  petroleum 
and  colzaline,  giving  a  much  better  and  clearer  light  than  heavy  oils, 
such  as  rape  or  seal  oil. 

If  light  oils  are  used,  they  require  to  be  very  carefully  handled, 
and  no  naked  lights  brought  near  the  oil  receiver,  as  they  give  off 
inflammable  gases  at  comparatively  low  temperatures,  and  are  apt  to 
catch  fire  very  readily  and  do  much  damage.  The  writer  has  known 
at  least  half-a-dozen  cases  where  lamp  rooms  have  been  set  on  fire 
and  destroyed  through  careless  handling  of  these  light  oils. 

The  Royal  Commission  on  Accidents  in  Mines  recommended  a 
mixture  of  vegetable  or  animal  oil  with  about  one-half  its  volume 
of  a  petroleum  oil  of  safe  flashing  point,  as  giving  the  best  results  as 
an  illuminant  for  safety  lamps. 

Cost  of  Upkeep  of  Lamps, — The  average  cost  of  safety  lamps — if 
used  with  light  oils,  which  are  cheaper  than  the  heavy  vegetable  oils, 
— including  both  oil  and  wick,  is  about  a  halfpenny  per  lamp  per 
shift.  Thus  Davy  lamps  cost  about  0*375d.  per  day  for  oil  alone ; 
Mueseler  lamps  about  0*295d. ;  while  the  cost  of  naked  lights  may 
be  estimated  at  l-25d.  per  diem. 

The  following  is  a  detailed  statement  of  the  cost  of  safety  lamps 
per  annum,  as  ascertained  at  the  Clyde  Collieries,  Hamilton,  although 
the  writer  thinks  that  some  of  the  items,  such  as  gauzes  and  glasses, 
are  underestimated : — 

Cost  of  oil  (300  days)  per  lamp, 
Repairs,  ,,  ,, 

Gauzes  and  glasses  (300  days)  per  lamp. 
Lam pm en's  wages,  ,, 


•                   • 

ip,  . 

8.    d. 
7    4J 
.        0    4i 
0    2| 
9    3i 

Total  cost, . 

.      17    3J 

2b 
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LoclHng  Contrivances, — Nothing  conduces  more  to  the  safety  of 
a  lamp,  or  of  those  using  it,  than  an  eflficient  method  of  locking ;  for 
if  the  cause  of  many  explosions  could  be  accurately  ascertained,  it 
would  be  found  that  not  a  few  of  them  were  caused  by  miners  them- 
selves surreptitiously  opening  their  lamps;  indeed,  in  many  explo- 
sions, this  has  been  clearly  ascertained  to  have  caused  the  disaster. 
It  is  a  notorious  fact  that  few  men  are  more  careless  of  their  own 
safety  than  miners,  who  have  been  known  to  open  their  lamps  at  the 
face,  even  in  the  neighbourhood  of  large  quantities  of  fire-damp. 

In  the  old  method  of  locking  lamps,  a  padlock  was  often  used,  and 
could  be  opened  easily  by  a  duplicate  or  skeleton  key.  Another 
lock  which  was  largely  used,  and  is  still  used  to  some  extent,  was  a 
small  screw  bolt,  either  with  a  square  or  tapered  head,  which  was 
turned  until  the  body  of  the  lamp  and  the  bottom  were  fastened  to- 
gether, by  means  of  the  bolt  pinching  the  bottom  part.  This  lock 
was  of  little  use,  as  any  workman  with  an  old  nail  filed  to  the  proper 
size  could  open  his  lamp  by  imscrewing  the  lock.  The  simplest  and 
best  method  of  locking  a  lamp  is  by  using  a  riveted  lead  plug,  con- 
necting the  body  of  the  lamp  with  the  oil-vessel.  The  lead  plug 
should  be  firmly  riveted,  and  each  end  stamped  with  letters  or  marks, 
varied  from  day  to  day. 

Without  this  precaution  it  has  been  found  that  the  rivets  can  be 
removed  and  replaced  in  such  a  way  as  to  render  detection  extremely 
difficult. 

Magnetic  locks  are  also  used,  in  which   the  lamp   can   only  be 
opened  by  the  aid  of  a  powerful  magnet.     Of  this  class.  Wolf's  mag- 
netic lock  is  the  simplest  and  most 
satisfactory. 

Protector  Lock, — Many  lamps  are 
now  fitted  with  the  *  Protector ' 
arrangement  for  securing  the  oil- 
vessel  to  the  top  part  of  the  lamp. 
In  addition  to  this  arrangement  the 
lamp  is  also  locked  in  the  usual  way. 
The  apparatus  will  be  imderstood 
from  figs.  459,  460.  The  wick-tube 
has  a  screw  thread  upon  it  through- 
out its  whole  length,  and  on  this  is 
screwed  a  *  thimble*  aa^  provided  at 
its  lower  end  with  a  flange,  on  the 
outer  end  of  which  a  screw-thread 
is  also  cut.  By  the  latter  screw  the 
oil-cup  is  attached  to  the  lamp, 
and,  when  this  has  been  done,  the 
flanged  thimble  is  fastened  in  position  by  a  bolt  6,  provided  with 
a  spring;  the  bolt  cannot,  therefore,  be  withdrawn  until  the 
oil-cup  is  removed.     The  thimble  is  screwed  on  to  the  wick-tube 


Rrsjpectire  view  of  €LCU 
and/  bh 


Figs.  459,  460.—'  Protector '  Lock. 
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before  the  wick  is  lighted.  The  oil-vessel  can,  of  course,  be 
readily  removed,  but  only  by  making  the  end  of  the  wick-tube 
traverse  the  closely-fitting  thimble  above  mentioned  for  a  distance  of 
1  to  1*5  in.,  and  during  this  process  the  diminished  flame  of  the 
naphtha  spirit  is  certain  to  be  extinguished.  With  this  arrangement 
it  is  practically  impossible  to  open  the  lamp  without  extinguishing 
the  flame,  unless  the  lock  bolt  gets  broken  or  the  spring  attached 
gets  out  of  order,  which  does  not  readily  happen  with  fair  treatment. 

As  already  stated,  the  oil-vessel  is  fastened  in  the  ordinary  method 
by  riveting  with  a  lead  plug,  which  gives  additional  security,  and  also 
permits  the  oil-vessel  to  be  partially  unscrewed  for  the  purpose  of 
regulating  the  flame,  but  prevents  it  from  being  altogether  withdrawn. 

Testing  Lamps, — All  safety  lamps,  before  being  taken  into  the 
mine,  require  to  be  tested  at  the  lamp  station  on  the  surface,  or  at  a 
station  at  the  bottom  of  the  shaft,  to  see  that  they  are  in  a  safe 
condition  for  using,  and  also  to  ascertain  that  the  parts  are  properly 
fitted  together,  particularly  the  glass  and  the  connecting  parts  at  the 
top  and  bottom  of  it,  for  it  is  absolutely  essential  to  safety  that  no 
opening  should  be  left  at  the  junction  of  the  glass  with  the  brass  rings 
for  an  explosive  mixture  to  enter  the  lamp  and  ignite  at  the  flame. 

The  testing  of  the  lamps  is  often  done  in  a  very  cursory  w^ay  at 
many  collieries,  owing,  no  doubt,  to  the  lamp  attendant  not  being 
aware  of  the  true  value  of  such  testing. 

The  simplest  method  of  testing  safety  lamps  is  to  take  a  brass  tube 
of  small  diameter,  somewhat  like  a  blow-pipe,  and  to  blow  through  it 
with  the  mouth  so  that  a  current  of  air  impinges  against  the  glass  all 
round  the  top  and  bottom  edges.  If  the  glass  is  not  properly  fitted, 
it  will  be  detected  by  the  current  of  air  getting  in  at  the  edges  and 
deflecting  the  flame  or  extinguishing  it  altogether. 

Sometimes  the  lamps  are  tested  in  a  more  scientific  manner  by 
being  inserted  in  an  inflammable  mixture  to  see  if  they  are  really 
'safe,'  this  method  being  much  better  than  the  blow-pipe  test. 

♦  A  testing  apparatus  for  safety  lamps  is  shown  in  fig.  461. 

A  and  B  are  two  cylinders  which  fit  into  one  another.  The 
cylinder  A  is  filled  with  water  to  about  three-fourths  of  its  capacity, 
and  the  cylinder  B,  the  bottom  of  which  is  open,  contains  a  valve  at 
the  top  pf  it.  By  simple  pressure  of  the  thumb,  the  valve  can  be 
opened,  whereupon  cylinder  B  is  made  to  rise  to  three-fourths  of  its 
height,  and  become  filled  with  air.  At  the  bottom  of  the  cylinder  A 
is  a  pipe,  which,  as  it  extends  above  the  surface  of  the  water,  receives 
the  air  that  cylinder  B  forces  into  the  reservoir  C,  where  the  gases 
are  generated.  C  is  a  reservoir,  the  inside  of  which  is  divided  by 
several  partitions,  made  of  corrugated  iron,  and  filled  with  some 
absorbent  material  such  as  cotton  wool.  The  glass  cylinder  D  is 
filled  with  benzine  immediately  before  the  apparatus  is  required  for 

*  The  author  is  indebted  to  the  makers,  Messrs  Friemann  &  Wolf,  for  the 
diagram  and  description  of  this  apparatus. 
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use.  If  the  cock  E  be  opened,  the  benzine  will  flow  into  the 
reservoir  C,  in  which  it  is  obliged  to  follow  the  windings  of  the  sheet 
iron,  and  in  this  manner  offers  a  large  surface  to  the  air,  the 
latter  being  thus  impregnated  with  benzine  and  transformed  into 
gas. 

The  gas  then  passes  through  the  cock  F  into  the  testing  cylinder 
G,  which  is  made  of  tin-plate,  and  fitted  with  a  pane  of  glass.  Inside 
this  testing  cylinder  there  is' a  spiral  pipe,  the  inside  of  which  is 
drilled  with  small  holes  which  serve  for  the  admission  of  air.  By 
means  of  a  metal  sliding  valve  the  quantity  of  air  entering  may  be 
regulated.     The  lighted  lamp  is  placed  within  the  spiral  pipe  in  the 


Fig.  461. — Testing  Apparatus  for  Safety  Lamps. 

cylinder  G,  and  the  cock  F  is  opened.  The  gas  issues  through  the  fine 
holes  in  the  pipe  and  streams  on  to  the  lamp. 

If  the  latter  be  defective,  the  generated  gas  will  be  ignited  in  the 
cylinder  G,  but  the  flame  of  a  well-fitted  lamp  will  be  extinguished 
in  the  presence  of  too  large  a  quantity  of  this  gas,  which  will  produce 
the  same  effect  upon  the  flame  as  fire-damp  does. 

To  make  more  elaborate  tests  of  safety  lamps  in  explosive  gases, 
a  larger  and  more  costly  apparatus  may  be  employed.  The 
apparatus  will  be  understood  from  fig.  462.  It  consists  of  a  tank 
A,  surroimded  by  water  like  an  ordinary  gasholder.  Connected  to 
this  tank  are  two  pipes  C  and  D,  of  2  in.  diameter.  The  pipe  C  is 
connected  to  the  mouth  of  a  long  wooden  box  B,  about  2G  ft.  long,  10 J 
in.  high,  and  4|  in.  wide,  constructed  of  boards  1 J  in.  thick,  carefully 
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jointed  together,  with  all  cracks  or  seams  completely  closed.  On  the 
top  of  this  box,  and  at  distances  of  2i  ft.  apart,  are  openings  which 
are  closed  with  covers  H  H,  which  are  easily  displaced  by  any 
explosion  of  gas  which  may  occur  in  the  box,  and  permit  the  exploded 
gas  to  escape. 

To  produce  changes  in  the  direction  of  the  current  of  mixed  gases 
from  the  horizontal,  upward  or  downward,  according  as  it  may  be 
desired  that  the  gas  should  impinge  upon  the  burning  lamp,  arrange- 
ments have  been  made  to  adjust  the  lamps  inside  to  different  levels 
(see  fig.  462). 

In  order  to  make  the  necessary  observations  on  the  conduct  of  the 
lamps  during  the  test,  a  part  of  the  wooden  box  is  inclosed  by  a 
wooden  partition  I,  in  such  a  way  as  to  entirely  darken  it,  and  enable 
the  observation  of  every  change  in  the  flame  of  the  safety  lamp  to  be 
made.     The  somewhat  dangerous  observation  of  the  safety  lamp 


Fig.  462. — Special  Testing  Apparatus. 

during  a  test  is  made  through  a  glass  plate  J  in.  thick,  which  is  set  in 
the  door  through  which  the  lamp  is  placed  in  the  box. 

The  velocity  of  the  air  current  or  gas  mixture,  which  can  be 
increased  up  to  59  ft.  per  second,  is  produced  by  means  of  a  steam 
nozzle  E,  the  steam  having  a  pressure  of  75  lbs.  per  sq.  in.  enters 
the  nozzle  through  a  valve  to  which  an  arm  K  is  attached,  by  means 
of  which  it  can  be  adjusted  so  as  to  produce  the  desired  velocity.  In 
order  to  adjust  and  indicate  the  velocity  an  anemometer  is  used,  and 
a  scale  constructed  which  indicates  the  velocity  by  means  of  a 
pointer  attached  to  the  arm. 

The  gas  is  conducted  to  the  apparatus  by  the  pipe  D  into  the  gas 
tank,  to  which  is  attached  a  meter  for  nie.ism'ing  accurately  the 
quantity  of  gas  entering  the  lioldcr. 

By  weighting  the  gas  tank,  the  gas  will  be  forced  down  the  pipe  C 
into  the  wooden  box,  the  inflow  being  regulated  and  adjusted  by  a 
nozzle  having  a  pointer  and  scale  F  attached,  to  show  the  percentage 
of  the  gas  mixture. 
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The  end  of  the  pipe  C,  where  it  enters  the  box,  terminates  in  a 
funnel-shaped  opening  which  is  covered  with  a  gauze  so  as  to  prevent 
the  flame,  in  case  of  an  explosion  caused  by  a  lamp,  from  entering 
the  gas  pipe  and  communicating  with  the  gas-holder. 

This  apparatus  can  only  be  used  when  a  supply  of  coal  gas  is 
available. 

Trimming  and  Cleaning  Lamps.— Probably  nothing  is  more 
important  as  regards  safety  lamps  than  proper  cleaning,  trimming 
and  fitting  together  of  the  various  parts  of  which  they  are  composed, 
for  this  part  of  the  work  bears  directly  upon  the  safety  of  the  whole 
colliery. 

While  the  object  to  be  aimed  at  is  to  get  a  good  safe  lamp,  giving 
out  a  good  light,  simplicity  of  construction  is  also  to  be  greatly 
desired,  and  this  is  wanting  in  many  lamps  brought  before  the 
public.  When  it  is  considered  that  at  some  collieries  from  500  to 
1000  safety  lamps  have  to  be  cleaned,  trimmed,  and  fitted  together 
every  shift,  the  necessity  of  simplicity  in  construction  is  at  once 
apparent,  because,  if  a  lamp  is  complicated  and  consists  of  a  great 
many  parts,  there  is  a  great  probability  that,  in  preparing  a  large 
number  for  use,  some  may  be  imperfectly  put  together,  and  however 
safe  a  lamp  may  be  when  in  perfect  order,  it  may  become  most 
unsafe  imder  these  conditions.  The  principal  parts  of  a  safety  lamp 
which  are  liable  to  get  out  of  order,  or  may  be  improperly  fitted 
together,  are  the  gauzes,  the  glass  chimney,  and  the  joints  between 
the  latter  and  the  metal.  The  glasses  used  for  safety  lamps  should  be 
of  the  best  quality,  ground  smooth,  and  parallel  at  the  edges ;  glasses 
with  chipped  or  rough  edges  should  be  discarded,  for  it  is  almost 
impossible  to  get  tight  joints  where  they  come  in  contact  with  the 
metal  rings.  In  the  latter,  *  washers '  of  asbestos  millboard  should 
be  introduced,  which  will  give  a  good  bearing  surface  to  the  edges 
of  the  glass.  Washers  of  leather  or  india-rubber  are  not  to  be 
recommended,  as  they  are  perishable  and  shift  their  positions  if  they 
become  strongly  heated,  which  often  occurs.  The  gauzes  should 
also  be  carefully  examined  daily,  and  thoroughly  cleaned  so  as  to  free 
them  from  any  oil  or  coal  dust  which  may  have  clogged  the  meshes 
while  underground.  At  the  majority  of  collieries  the  gauzes  are 
cleaned  by  hand,  and  where  the  lamps  are  not  very  dirty  this  does 
well  enough,  if  good  brushes  of  the  proper  size  and  quality  are  used, 
but  in  collieries  where  the  workings  are  muddy  and  the  dirt  adheres 
firmly  to  the  gauze,  the  lamps  are  more  difficult  to  clean,  as  the  dirt 
adheres  strongly  to  the  gauze  and  cannot  easily  be  removed.  When 
this  is  the  case,  the  lighting  power  of  the  lamp  will  become  very 
inefficient,  as  the  necessary  air  for  proper  combustion  is  unable  to 
reach  the  flame. 

Machines  either  worked  by  hand  or  steam  power  are  now  used 
for  cleaning  the  gauzes  and  glasses.  By  this  means  the  gauzes  are 
cleaned  more  thoroughly,  and  are  not  subjected  to  such  rough  treat- 
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ment  as  when  cleaned  by  hand,  there  being  also  an  economy  in  labour, 
an  experienced  man  being  able  to  clean  300  to  400  gauzes  per  hour. 

Filling  and  Lighting  Lamps, — As  already  stated,  the  utmost  care 
should  be  exercised  in  charging  safety  lamps  with  oil,  especially  if 
the  oil  used  is  what  is  termed  a  *  light '  oil,  such  as  petroleum,  naphtha 
or  benzine,  either  of  which  is  of  a  highly  inflammable  nature,  especi- 
ally when  the  temperature  reaches  a  certain  point.  These  oils,  as  a 
rule,  have  a  very  low  *  flash '  point  (about  70'  F.),  and  when  they 
reach  this  point  they  give  off  a  dangerously  combustible  vapour 
which  will  readily  explode  if  brought  in  contact  with  a  light.  At 
collieries  where  these  oils  are  used,  the  lamp-room  should  be  so 
arranged  that  the  lamps  can  be  filled  in  a  separate  apartment  to 
that  in  which  they  are  lighted  before  distribution  to  the  men.  It 
will  also  increase  the  security  against  fire  or  explosion  if  the  filling 
tank  containing  the  oil  is  situated  in  a  special  vault  outside  the 
lamp-room,  and  a  pipe  led  from   it  to  where  the  lamps  are  filled. 

Dripping  pans  should  always  be  provided  below  each  filling  tap 
to  receive  any  excess  of  oil.  The  dripping  pans  should  be  emptied 
at  frequent  intervals,  as  it  is  often  from  the  overflowing  or  upsetting 
of  one  of  these  that  accidents  occur. 

Tanks  which  work  automatically  are  sometimes  used  for  filling  the 
lamps.  Such  an  apparatus  consists  of  an  iron  tank  which  holds  10 
to  15  gallons  of  oil,  and  by  means  of  a  three-way  cock  placed  at  the 
bottom  of  the  tank,  the  small  quantity  of  naphtha  necessary  for  the 
filling  of  a  lamp  is  drawn  from  the  tank  into  the  glass  reservoir,  and 
by  the  turning  of  the  cock  is  entirely  shut  off  from  that  in  the  tank. 
When  the  sponge  in  the  lamp  will  absorb  no  more  oil,  the  outflow 
from  the  reservoir  stops  automatically.  By  this  arrangement  safety 
and  economy  are  secured. 

Note. — For  students  who  desire  more  detailed  information  as  to  safety  lamps, 
the  author  would  recommend  The  Report  of  the  Royal  Commission  on  Accidents 
ill  Mines,  1886,  where  over  one  hundred  such  lamps  are  figured  and  described. 
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Siding  Accommodation. — For  the  handling  of  a  large  daily  output 
of  coal,  plenty  of  siding  accommodation  both  for  loaded  and  empty 
waggons  should  be  provided.  Many  large  collieries  provide  sidings 
for  200  or  300  loaded  trucks,  or  for  one  day's  output.  This  will  be 
all  the  more  necessary  if  the  colliery  is  situated  at  a  considerable 
distance  from  the  main  line,  and  a  clearance  is  effected  only  once  or 
twice  daily.  With  the  modem  practice  of  separating  the  coal  into 
many  different  classes  for  the  market,  the  number  of  sidings  requires 
to  be  greater  than  formerly,  when  it  was  customary  to  simply  separate 
the  dross  from  the  round  coal.     From  various  causes  the  ground  at 
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Fig.  463. — Plan  of  Surface  Arrangements. 

disposal  may  be  limited  in  area  for  sidings,  in  which  case  it  is  im- 
possible to  provide  large  storage  lyes  for  loaded  waggons.  As  to  the 
general  arrangement  of  surface  buildings,  such  as  engine-houses, 
boilers,  screens,  etc.,  the  area  and  disposition  of  the  ground  inclosed 
will  largely  determine  the  matter  for  each  individual  colliery.  A 
general  plan  of  surface  arrangements  is  shown  in  fig.  463,  taken  from 
those  of  a  large  colliery  raising  from  1200  to  1500  tons  of  coal  daily. 
Inclination  of  Sidings. — The  proper  inclination  for  colliery  sidings 
is  an  important  matter.     From  the  author*s  own  experience  he  has 
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found  that  the  best  gradient  behind  the  screens  is  about  1  in  70  for 
the  empty  waggons,  with  the  inclination  towards  the  shaft,  while  1  in 
60  to  66  is  best  suited  for  the  loaded  waggons  in  front  of  the  screens. 
With  these  gradients  the  waggons  should  move  freely  in  all  weathers. 
Boilers. — The  boilers  used  at  collieries  may  be  of  either  the  ordi- 
nary egg-end,  or  of  the  Lancashire  or  Cornish  types.  Where  rapid 
steaming  and  high  pressures  are  required,  the  Lancashire  boiler  is 
the  best  to  use,  and  also,  as  a  rule,  more  economical,  convenient,  and 
durable.  If  large  grate  area  is  required,  low  pressures,  and  low  first 
cost,  the  egg-end  type  of  boiler  may  be  foimd  better  suited. 
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Figs.  464,  465.— Longitudinal  and  Cross  Sections  of  Cornish  Boiler. 


Cornish  Boilers, — Cornish  boilers  consist  of  a  cylindrical  shell  a, 
with  flat  ends,  and  having  near  the  bottom  a  smaller  shell  or  tube 
h  (figs.  464,  465),  which  passes  through  the  larger  one  and  forms  the 
furnace.  The  products  of  combustion  pass  from  the  furnace  to  the 
end  of  the  tube,  and  return  by  the  two  side  Hues  //  to  the  front  of 
the  boiler,  pass  into  the  bottom  flue  g,  and  so  reach  the  chimney.  By 
this  arrangement  the  gases  are  reduced  in  temperature  before  com- 
ing into  contact  with  the  bottom  of  the  boiler,  where  all  the  sediment 
collects,  and  there  is  therefore  no  danger  of  burning  the  plates  on 
the  under  side  of  the  boilen 
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Lancashire  Boilers, — This  type  of  boiler  differs  from  the  Cornish 
in  having  two  internal  furnace  tubes  instead  of  one.  The  separate 
furnaces  are  intended  to  be  fired  alternately,  so  that  while  one  is 
giving  off  smoke  and  unbumt  gases,  the  other  is  burning  briskly, 
and  yielding  its  maximum  heating  effect.  By  this  arrangement  the 
mixture  of  smoke  and  unbumt  gases  from  the  *  green  '  fire  are  con- 
sumed in  the  flues,  where  they  are  raised  to  the  necessary  tempera- 
ture by  the  gases  coming  from  the  bright  fire. 

The  method  of  ventilation  and  draught  is  similar  in  the  Lancashire 
to  that  in  the  Cornish  boiler.  The  furnace  gases  pass  to  the  end  of 
the  furnace  tube,  and  thence  by  the  flue  underneath  the  boiler  to 
the  front,  where  they  divide  and  pass  by  the  side  flues  to  the  back 
of  the  boiler,  from  whence  they  escape  into  the  chimney. 

Figs.  465,  467  show  a  cross  and  longitudinal  section  of  the  seating  of 
a  Lancashire  boiler.     The  side  flues  and  closing  tiles  should  be  of  the 
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Figs.  465,  467. — Longitudinal  and  Cross  Sections  of  Lancashire  Boiler. 

best  firebrick.  In  order  to  increase  the  heating  surface  and  promote 
a  better  circulation  of  water,  the  furnace  tubes  of  Lancashire  and 
Cornish  boilers  are  often  fitted  with  water  tubes,  those  known  as  the 
*  Galloway  *  tubes  being  the  best  known  and  the  most  generally  used. 
Such  tubes  have  their  disadvantages,  however,  as  they  tend  to  cool 
the  furnace  gases  and  retard  combustion. 

The  Cornish  boiler  varies  from  15  to  30  ft.  in  length  by  5^  to  8 
ft.  in  diameter,  the  diameter  of  the  furnace  tube  being  3f  to  4|  ft. 
The  length  of  a  Lancashire  boiler  varies  from  20  to  35  ft.,  and  the 
diameter  from  5J  to  8  ft.,  a  size  much  used  for  colliery  work  being 
27  ft.  6  in.  X  7  ft.  6  in.  diameter.  The  furnace  tubes  are  usually 
about  2  ft.  6  in.  or  2  ft.  9  in.  diameter.  Boilers  of  either  type 
ought  to  be  supplied  with  a  safety  valve,  steam-gauge,  glass  water- 
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gauge,  stop  valve,  water  float,  sludge,  steam  and  feed  water  pipes, 
blow-off  cock  and  pipe,  damper,  etc. 

Accidents  to  Boilers. — Accidents  to  boilers  are  generally  due  to  the 
following  causes,  viz.,  defective  water  supply,  corrosion  and  incrusta- 
tion of  shell,  or  defective  safety  valves.  Accidents  also  happen  from 
plates  getting  worn  thin,  or  rivets  becoming  fractured. 

In  the  case  of  a  defective  water  supply,  if  the  water-level  becomes 
dangerously  low  in  the  boiler  the  fire  should  on  no  account  be  with- 
drawn, as  this  procedure  may  accelerate  an  explosion  by  the  sudden 
cooling  of  the  plates ;  the  fire  should  be  damped  with  small  coal  or 
ashes,  the  damper  put  down,  and  the  boiler  allowed  to  cool  gradually 
before  water  is  put  in. 

Incrustation  in  steam  boilers  generally  arises  from  the  presence  of 
acids  in  the  feed  water,  such  as  sulphate  or  carbonate  of  lime.  If 
the  impurity  is  found  to  consist  almost  entirely  of  carbonate  of  lime, 
the  feed  water  may  be  treated  by  the  addition  of  caustic  lime  or 
milk  of  lime,  or  by  what  is  known  as  Clark's  process. 

When  carbonate  and  sulphate  of  lime  are  both  known  to  be  present, 
the  feed  water  may  be  treated  with  caustic  soda  or  soda  ash.  With 
both  of  these  methods,  considerable  expense  is  involved,  as  large 
tanks  are  required  to  hold  six  to  eight  hours'  water  supply;  and 
instead  of  treating  the  feed  water  in  any  way,  it  is  allowed  to  enter  the 
boiler  and  the  lime  precipitated  in  the  boiler  itself,  and  the  sediment 
blown  off  frequently. 

Boilers  ought  to  be  carefully  inspected,  internally  and  externally, 
and  reported  on  every  three  months  by  a  competent  boiler  inspector. 

Evaporative  Power  of  Boilers, — Theoretically  1  lb.  of  coal  should 
evaporate  from  12  to  16  lbs.  of  water,  at  212"  F.,  the  actual 
amount  depending  on  the  quality  of  the  coal.  In  practice  a  Lanca- 
shire boiler  will  evaporate  8  to  10 J  lbs.  of  water  at  212°  F.  per  lb. 
of  coal  burned,  and  a  Cornish  boiler  7  to  9  lbs.  of  water  per  lb.  of 
coal. 

The  weight  of  water  which  can  be  evaporated  per  hour  for  any 
given  size  of  engine  may  be  found  by  the  following  formula : 

^ _ D^ X  7854 xLx2xRx60xa 
1728 

"Where  W  equals  the  weight  of  water  to  be  evaporated  per  hour ;  D  the 
diameter  of  cylinder  in  inches;  L  the  length  of  stroke  in  inches;  R  the 
revolutions  of  crank  per  minute,  and  a  the  value  of  1  cub.  ft.  of  steam  at  given 
pressure. 

Example, — In  an  engine  with  a  cylinder  20  in,  diameter,  a  24  in.  stroke,  and 
making  eighty  revolutions  per  minute,  what  amount  of  water  would  require  to 
be  evaporated  per  hour  if  the  steam  pressure  is  65  lbs.  per  sq.  in.  ? 

Here  the  value  of  a  =  •1538  lb.  at  65  lbs.  absolute  pressure. 

.   ^_20'^ X  '7854  X  24 X  2  X  80  X  60  X  '1538 _ ^^40.34  yj^ 
1728 
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Rate  of  Combustion, — ^The  rate  of  combustion  of  fuel  in  the  furnaces  of  steam 
boilers  is  usually  expressed  in  pounds  of  coal  consumed  per  sq.  ft.  of  grate 
surface  per  hour.  In  ordinary  boilers  the  rate  of  combustion  is  from  15  to  20  lbs. 
of  coal  per  sq.  ft.  of  grate  per  hour. 

Strength  of  Boilers. — The  strength  of  boilers  depends  on  their  construction  and 
upon  the  material  of  which  they  are  made.  Boilers  are  now  generally  made 
of  best  mild  steel,  with  the  exception  of  the  manhole  mouth-piece  and  longi- 
tudinal bolt-stays  which  are  usually  of  wrought-iron. 

The  tenacity  of  wrought-iron  is  given  at  50000  lbs.  per  sq.  in.,  and  that  of 
steel  for  boiler  plate  80000  to  90000  lbs.  per  sq.  in.,  and  a  factor  of  safety  of 

6  to  8  is  usually  allowed. 

Let  t  represent  the  required  thickness  of  plate  in  in. ;  p  the  working  pressure 
in  lbs.  per  sq.  in. ;  d  the  diameter  of  boiler  in  in. ;  and  M  the  factor  of  safety. 

Then  for  wrought-iron  boilers  ^=   -^^   x  M  or  j?=^^    ^   (single  riveted). 

And  t=:-^—-y.  M  (double  riveted). 
60000 

For  steel  boilers  i=f^  x  M  0Tp=^J^^^  (single  riveted). 

And  t=   ^    X  M  (double  riveted). 
90000 

Example. — What  thickness  of  double  riveted  boiler  plate  would  be  required  for 
a  steel  boiler  7i  ft.  diameter  to  work  at  a  pressure  of  80  lbs.  per  sq.  in.  ? 

Here  <=^^^7'^^^^  x  8=1^  =  -64  in.  or  about  H  of  an  in. 
90000  75  " 

Example. — ^What  would  be  the  bursting  pressure  of  a  single  riveted  steel  boiler 

7  ft.  diameter,  with  plates  f  of  an  in.  thick  ? 

Here^=^-^il^^=i45000^520-8  lbs.  per  sq.  in. 
Low  and  Bevis  give  the  following  formula  for  the  safe  working  pressure ; 

p=  — ;  where  ^= thickness  in  in.,  and  (2= diameter  of  shell  in  in. 

d 

For  the  strength  of  boiler  tubes,  plain  iron,  Fairbaim  gives  the  formula  : 

806300  X  fi'^ 

P=  —         ;  where  P= collapsing  pressure  per  scj,  in.;  L= length  of  tube 

Lx  D 

in  ft,  and  D= diameter  of  tube  in  in. 

Where  great  accuracy  is  not  required  t^  may  be  substituted  for  f'^\ 

Number  of  Boilers  required, — The  number  of  boilers  required  at  a 
colliery  will  depend  upon  the  class  of  boiler  used,  the  kind  of  fuel 
supplied,  and  the  number  of  engines  to  be  simultaneously  supplied 
with  steam. 

A  good  Lancashire  boiler,  consuming  about  7  cwts.  of  good  coal 
per  hour,  should  suffice  for  an  engine  of  about  200  horse  power,  but 
at  collieries  where  the  fuel  supplied  for  firing  is  often  of  a  very 
inferior  quality,  about  180  horse  power  would  be  furnished  per 
boiler,  or  even  less.  One  spare  boiler  should  be  allowed  for  every 
four  or  five  in  use. 
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An  approximate  method  of  estimating  the  boiler  requirements  is  to 
allow  one  28  ft.  x  7  ft.  Ltmcashire  boiler  for  every  13000  cub.  ft.  of 
steam  required  per  hour. 

Boiler  Chimneys, — Chimneys  or  stacks  may  be  either  square, 
octagonal,  or  circular,  the  circular  form  being  the  best  shape,  but  at 
the  same  time  more  expensive  to  build,  as  the  bricks  require  to  be 
specially  made  for  each  section  of  the  chimney.  Plenty  of  area 
should  be  allowed  in  chimneys,  as  it  is  useless  to  make  large  flues  at 
the  boilers  and  not  to  have  a  corresponding  area  in  the  chimney. 
The  area  at  the  top  should  be  about  the  same  as  at  the  boiler  flues. 

The  following  formula  may  be  employed  for  chimneys,  taking  the 

consumption  of  fuel  at  21  lbs.  of  coal  per  sq.  ft.  of  fire  grate  per  hour 

^    .         ^      1-5G  ,^     1-5G       ^        , 

as  a  basis : — A  =  — rg-  or  ^H  =  — v-  ;  where  A  =  area  of  chimney  in 

sq.  ft.  at  top  or  smallest  part ;  G  =  area  of  fire  grate  in  sq.  ft. ;  and 

H  =  height  of  chimney  in  ft.  above  fire  bar  level. 

If  the  coal  consumed  is  likely  to  be  lower  than  21  lbs.  per  sq.  ft. 

•07W 
of  fire  grate  per  hour,  then  the  formula  A  =  — -j=-  may  be  employed, 

W  being  the  actual  weight  of  fuel  consumed  in  lbs.  per  hour. 

The  height  of  a  chimney  will  depend  on  the  number  of  boilers  and 
the  total  coal  consumed,  and  is  often  determined  by  local  considera- 
tions, especially  if  the  colliery  is  situated  near  a  town,  as  the  authori- 
ties then  often  specify  a  certain  minimum  height  for  chimneys. 
Chimneys,  as  a  rule,  should  not  be  much  less  than  90  or  100  ft.  in 
height. 

*  The  following  table  gives  the  height  of  chimney  according  to  the 
weight  of  coal  consumed  : 

Weight  of  Coal  Height  of  Weight  of  Coal  Height  of 

consumed  per  hour.  Chimuey.  consumed  per  hour.  Chimney. 

100  lbs.  and  under  60  ft.  3000  lbs.  and  under  160  ft. 

500       „           „  100  „  4000     „             „  180  „ 

1000      „          „  120  „  5000    ,,   and  upwards  200  „ 

2000      „          „  140  „ 

The  chimney  should  be  built  up  on  good  solid  foundations,  rock,  if 
possible,  with  a  solid  bed  of  concrete  2  to  3  ft.  thick  for  a  base,  the 
brickwork  being  built  up  vertically  for  a  certain  distance  and  gradu- 
ally tapered  off  in  4|  in.  courses  to  the  required  size.  The  thickness 
of  brickwork  for  chimneys  depends  on  their  height,  but  except  for  very 
small  chimneys  it  should  never  be  less  than  9  in.  at  the  top.  The 
outside  batter  should  be  from  y\  to  \  in.  per  rising  foot,  or  about 
1  in  56. 

Banking-Out. — Probably  few  things  have  undergone  more  changes 
in  recent  years  than  the  banking-out  arrangements  at  collieries.     It 

*  The  rractical  Engineer's  Pocket  Book^  1897,  p.  67. 
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was,  and  is  still  at  a  large  number  of  collieries,  the  general  practice 
to  cover  the  landing-stage  with  flat-sheets  or  iron  plates  on  to  which 
the  tubs  could  be  drawn  when  taken  from  the  cage,  and  turned  in 
any  direction  required.  No  doubt  this  system  has  its  advantages, 
but  it  requires  a  great  deal  of  liand  labour  that  might  otherwise  be 
dispensed  with.  When  new  collieries  are  being  laid  out,  flat-sheets 
are  now  often  dispensed  with  altogether,  and  lines  of  rails  laid  up  to 
the  cage. 

Fig.  468  shows  a  banking  arrangement  on  this  principle,  laid  out 
for  dealing  with  a  large  daily  output. 


Fio.  468. — Banking  Arrangement. 

The  successful  working  of  such  arrangements  has  been  greatly 
assisted  by  the  introduction  of  tipplers  and  the  creeping  chain.  As 
the  lines  of  rails  from  the  cage  on  the  full  side  must  have  an  inclina- 
tion towards  the  screens,  to  allow  the  tubs  to  run  freely,  there  must 
be  a  corresponding  inclination  against  the  tubs  on  the  empty  lines  of 
rails,  which  would  involve  labour  to  bring  the  tubs  to  the  cage  if 
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done  by  hand.  To  avoid  this,  the  creeper  chain  is  used.  The 
creeper  consists  of  an  endless  chain  made  on  much  the  same  prin- 
ciple as  a  travelling  belt.  At  set  distances  apart  are  fixed  upright 
pieces  or  *  fingers '  for  catching  the  tubs  and  carrying  them  forward 
to  the  desired  position.  The  chain  works  round  octagonal  wheels  at 
each  end,  and  is  supported  throughout  its  length  by  rollers  fixed  in 
standards.  On  the  side  of  the  pit-head  where  the  full  tubs  are  taken 
ofi^,  the  rails,  as  already  stated,  are  laid  at  an  incline  in  favour  of  the 
tub.  The  tubs  are  first  taken  over  the  weighing-machme,  and  then 
by  their  own  weight  run  into  the  revolving  tipplers,  from  which, 
when  empty,  they  pass  to  the  creeper  and  are  hauled  up  to  the  level 
of  the  cages  again.  Instead  of  a  'creeper'  a  steam  or  hydraulic 
hoist  is  sometimes  used  to  raise  the  empty  tubs  to  the  desired  level. 
The  disadvantage  of  such  an  apparatus  is  that  it  is  not  self-acting, 
and  is  therefore  more  costly  in  working.  The  hoists  themselves  are 
also  expensive  to  erect,  especially  if  the  height  is  great,  and  the 
raising  piston  must  of  necessity  be  long  in  proportion. 

Tipplers. — The  simplest  and  most  common  kind  of  tippler  for 
emptying  the  contents  of  the  tubs  on  to  the  screens  used  to  be  an 
arrangement  of  two  rails  bent  up  in  the  end,  and  pivoted  on  an 
axle  placed  beyond  the  centre  of  gravity  from  one  end,  so  that,  when 
the  tub  was  run  to  it,  it  w^as  tipped  up  and  emptied,  and  had  then 
to  be  drawn  back  into  its  original  position.  This  tippler  is  now 
seldom  adopted,  as  the  coal  had  to  fall  too  great  a  distance  down  to 
the  screen,  and  also  necessitated  the  tubs  being  provided  with  a 
door  at  one  end  for  emptying,  which  is  a  disadvantage  for  under- 
ground work,  as  such  doors  are  apt  to  fly  open  and  allow  the  coal 
to  fall  on  the  road. 

Rotary  Tipplers, — During  recent  years  a  large  number  of  tipplers 
have  been  designed,  chiefly  on  the  rotary  principle,  in  which  the  tub 
is  turned  through  either  a  half  or  full  circle. 

One  of  this  class  is  Wood  &  Burnett's,  which  is  shown  in  figs.  469, 
470.  It  is  driven  by  a  chain  and  sprocket  wheel  arrangement,  or 
by  toothed  gearing,  the  starting  and  stopping  gear  being  the  same 
in  either  case.*  The  tippler  consists  of  circular  cast-iron  wheels  A, 
riveted  together  by  bars  and  angles  in  the  usual  way,  and  supported 
on  four  cast-iron  rollers  B.  A  counter  shaft  C,  driven  by  the 
screen  engine,  carries  the  sprocket  wheel  D,  attached  to  a  friction 
clutch  E,  by  means  of  which  the  tippler  may  be  thrown  into  gear 
with  the  shaft  C.  The  friction  clutch  also  acts  as  a  brake-wheel, 
a  wrought-iron  strap  passing  round  it  for  that  purpose.  The  sleeve 
of  the  friction  clutch  and  the  brake-lever  are  moved  by  means  of  a 
weighted  bell-crank  F,  so  arranged  that  when  the  end  a  is  de- 
pressed the  brake  is  applied  and  the  friction  clutch  thrown  out  of  gear. 
On  releasing  it  the  weight  causes  the  brake  to  be  released,  and  the 
friction  clutch  gears  on  again.  The  tippler  is  started  by  means  of 
*  Traits,  I.  M,  K,  vol.  ix.  p.  232. 
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the  hand-lever  M,  so  that  the  wedge  L  is  withdrawn  from  the  bolt 
K  j  the  latter  is  thus  shortened,  allowing  the  weight  on  the  lever  F 


Figs.  469,  470.— Wood  and  Burnett's  Rotary  Tippler. 

to  fall,  by  which  the  brake  is  released  and  the  friction  clutch  put 
into  gear.  At  the  same  time  the  lever  0  falls  clear  of  the  stop  I, 
and  the  tippler  at  once  commences  to  rotate. 
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The  hand-lever  M  is  then  allowed  to  fall  back  and  to  push 
the  wedge  L  through  the  aperture  in  the  box,  thus  lifting  the 
end  of  the  lever  G  into  position  ready  to  engage  with  the  stop  I, 
when  the  revolution  of  the  tippler  has  been  nearly  completed* 
The  lever  G  is  pushed  down  by  the  stop  I,  and  so  applies  the 
brake  and  throws  the  friction  clutch  out  of  gear  automatically  and 
simultaneously. 

An  auxiliary  attachment,  consisting  of  a  treadle,  lever,  and  rods 
c  d  and  e,  is  applied,  so  that  the  tippler  can  be  stopped  during  any 
portion  of  its  revolution,  if  necessary. 

Heenan  and  Frovde's  Rotary  Tippler, — This  tippler  is  also  of  the 
rotary  type,  having  the  cylindrical  frame  supported  upon  two  pairs  of 
rollers.  The  cast-iron  ends  As  (figs.  471,  472)  of  the  tippler  are 
dissimilar,  A  having  two  grooves  on  the  edge,  so  as  to  engage  the 
friction  wheel  B  when  in  motion.  This  friction  wheel  is  mounted  on 
an  arm  C,  which  is  pivoted  on  to  the  coimtershaf t  D,  from  which  the 
motion  is  transmitted  to  the  friction  wheel  by  the  spur  wheels  E  and 
F,  The  countershaft  D  is  driven  from  the  screen  engine,  and  is  in 
constant  motion.  The  arm  C  also  carries  a  hand-lever  L,  by  which 
the  friction  wheel  is  placed  in  contact  with  the  grooved  rim  A  of  the 
tippler  frame.  An  arm  G,  with  a  counterweight  attached,  is  used  to 
tlurow  the  friction  wheel  B  out  of  gear,  and  to  automatically  stop  the 
tippler  at  each  end  of  the  revolution.  The  lever  H,  having  a  small 
roller  r  and  a  pawl  p  moimted  on  one  end,  is  pivoted  loose  on  the 
shaft  D,  and  its  movement  is  transmitted  by  means  of  the  adjusting 
screws  8  and  s'  to  the  arm  C,  and  thence  to  the  hand-lever  L  and 
friction  wheels.  After  placing  a  tub  on  the  tippler,  the  banksman 
pushes  over  the  lever  L,  so  that  the  roller  r  and  the  pawl  p  are  lifted 
from  the  recess  c  on  the  rim  A,  and  the  friction  wheel  B  is  put  into 
gear  at  one  movement.  On  completing  a  revolution,  the  roller  r 
drops  into  the  recess  c,  throwing  the  friction  wheel  B  out  of  contact 
with  the  rim  A,  and  the  pawl  p  brings  the  tippler  to  rest  in  the 
proper  position  for  receiving  another  tub. 

Travelling  Belts. — After  the  coal  has  been  passed  over  the  screens 
to  get  rid  of  the  small  coal  or  dross,  it  is  received  on  a  travelling 
belt,  where  it  may  imdergo  a  final  hand-picking  before  being  loaded 
into  waggons.  The  belts  are  made  of  varying  materials,  according  to 
the  work  to  be  done.  For  coal  picking  and  conveying  they  are  usually 
of  iron  or  steel  plates,  link  or  woven  wire,  or  of  flat  hemp  or  cotton 
belting  with  a  hardened  indiarubber  face.  Where  only  two  kinds 
of  coal  have  to  be  separated  from  each  other,  such  as  a  cannel  afid  a 
free  coal,  belting  made  of  canvas  faced  with  leather  can  be  used  with 
much  advantage.  The  ordinary  type  of  belt  is  made  of  steel  plates  9 
to  12  in.  broad,  |^  in.  to  ^  in.  thick,  fixed  to  iron  or  steel  link  chains 
that  fit  into  a  split  polygonal  drum  at  each  end.  The  belt  is  sup- 
ported usually  on  cast-iron  rollers  keyed  to  a  shaft,  which  runs  in 
pedestals  fixed  to  the  supporting  beams.     The  delivery  end  is  provided 
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with  tightening  screws  and  slotted  seats  to  take  up  any  slack  on  the 
chain  (see  fig.  473). 

In  driving,  the  usual  type  of  hexagonal  wheel  is  employed,  two 
being  placed  at  each  end  of  the  belt.  These  belts  have  usually  a  very 
slow  motion,  travelling  at  the  rate  of  40  to  80  ft.  per  minute.  Tlie 
length  of  the  belt  may  be  anything  between  30  and  150  ft.,  but 
where  they  are  used  for  picking  the  dirt  out  of  the  coal  30  to  40  ft. 


Fig.  473.— Tightening  Screws  for  Belt. 


is  a  usual  length.  Their  width  varies  from  2  to  4|  ft.,  3  ft.  or  3|  ft. 
being  a  good  width  where  the  picking  is  done  from  one  side  only. 
These  belts  are  now  often  of  steel  wire  rods  woven  across  each  other, 
as  shown  in  fig.  474,  but  this  type  of  belt  can  only  be  used  for  large 
sizes  of  coal. 

Elevators. — When  the  small  coal  or  dross  is  dropped  through  the 
screens  it  generally  falls  into  a  large  hopper  or  dross  pit,  and  is  thence 
raised  by  means  of  elevators 
to  be  further  treated  either 
by  dry  or  wet  cleaning. 
These  elevators  are  made  on 
the  same  principle  as  the 
travelling  belt.  Two  long 
endless  chains  with  long 
single  links  fixed  alternately 
inside  and  outside  each  other, 
having  an  iron  bucket  fixed 
to  them,  pass  round  a  hexa- 
gonal wheel  at  each  end.  The 
length  of  these  elevators  and 
their  speed  depend  greatly 
upon  the  quantity  of  coal  to 
be  handled,  and  the  height  to 
which  it  requires  to  be  raised. 
An  avemge  speed  is  300  to 
400  ft.  per  minute. 

Arrangement  of  Cleaning  Apparatus. — We  have  described  the 
various  parts  of  a  coal-cleaning  arrangement,  either  of  which  is 
seldom  used  by  itself,  but  all  of  them  being  used  in  combination, 
whether  the  coal  is  subjected  to  a  dry  or  wet  cleaning  process  or  not. 

If  the  coal  can  be  cleaned  sufficiently  well  without  washing,  the 
arrangements  are  greatly  simplified,  and  less  outlay  in  plant  is 


Fig.  474.— Segment  of  Wire  Belt 


404 


PRACTICAL  COAL-MININO. 


required.  Fig.  475  illustrates  an  arrangement  of  an  ordinary 
cleaning  plant.  It  must  be  remembered,  however,  that  a  given 
arrangement  of  plant  will  hardly  ever  suit  two  different  collieries,  as 
the  screening  arrangement  will  altogether  depend  on  the  quality  of 
the  coal,  the  amount  of  dirt  in  the  coal,  and  the  kind  of  coal  in 
demand. 

Coal  Gleaning. — Under  this  heading  may  be  included  the  various 
methods  of  washing  and  sorting  the  coal  when  brought  to  the  surface. 
The  processes  employed  may  be  divided  into  two  groups : — 

Cleaning  by  mechanical  means ; 
Cleaning  by  taking  advantage   of  the  physical 
properties  of  the  mineral. 

Under  the  first  head  may  be  included  (a)  screening ;  (b)  washing 
the  mineral  to  cleanse  it  from  mud,  clay,  shale,  etc.;  (c)  hand-picking ; 
and  (d)  sorting. 


Trip'mp  or  Coal  ■  . 

*! — r  Conveyor       \ f  \ f 


I Swinging 

Platform 
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Fig.  476.— Cleaning  Plant. 


Screening  the  GoaL — This  is  usually  the  first  operation  to  which 
the  coal  is  subjected  after  it  arrives  at  the  surface.  The  screens 
employed  may  be  divided  into  classes,  viz., 

Fixed  inclined  screens,  with  movable  bars. 
Revolving  screens. 
Jigging  or  shaking  screens. 

Fixed  Inclined  Screens  are  very  largely  used,  but  they  are  fast  being 
superseded  by  the  shaking  type  of  screen.  When  the  former  only 
are  in  use,  the  coal  is  picked  by  hand,  and,  as  a  rule,  this  is  the  only 
cleaning  it  undergoes.  Fixed  inclined  screens  are  usually  made  of 
iron  or  steel  bars  set  at  an  angle  of  about  30**  from  the  horizontal, 
so  that  the  coal  can  just  move  slowly  forward.  The  bars  may  be 
made  of  different  shapes,  but  are  very  often  rectangular  in  section, 
about  1  in.  thick,  3  to  4  in.  deep,  and  10  to  15  ft.  long,  according 
to  the  quality  of  coal  dealt  with.  A  soft  coal  generally  requires  a 
longer  screen  than  a  harder  quality,  as  there  is  more  dross  to  be  got 
rid  off.     The  openings  between  the  bars  vary  from  ^  in.  to  1 J  in., 
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according  to  requirements,  and  sometimes  by  agreement  with  the 
landlord  of  the  coalfield,  as  different  *  lordships'  or  royalties  are 
often  payable  on  different  qualities  or  sizes  of  coal.  The  bars  are 
fixed  into  a  *  comb '  at  each  end  (see  fig.  476),  so  that  they  may  be 
raised  out  of  position  if  they  happen  to  get  choked.  The  various 
sections  of  bars  used  are  shown  in  fig.  477. 

Sometimes  the  distance  between  the  bars  is  regulated  by  washers 


/*  \      /  — \ 


Fig.  476.— Comb  for  Screen  Bars. 


FiQ.  477.— Section  of  Bars. 


between  them,  supported  on  round  rods  instead  of  on  a  comb,  as 
shown  in  figs.  478,  479. 

*  This  method  enables  the  washers  to  be  placed  on  and  removed 
from  the  cross-bearers  supporting  the  screen  bars  with  facility,  and 
the  spaces  between  the  bars  can  be  varied  at  will  with  as  little 
labour  as  possible. 

With  ordinary  bar  screens  it  is  diflftcult  to  regulate  the  descent 
of  the  coal.  To  overcome  this  difficulty  a  *  kepper '  is  often  used. 
t  The  best  form  of  *  kepper '  for  this  purpose  is  shown  in  plan  and 
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Figs.  478,  479.— Rod  Supports. 

elevation  in  figs.  480,  481.  When  the  kepper  is  shut  the  crank  and 
connecting  rod  are  in  a  straight  line,  so  that  no  pressure  of  coal 
will  open  it,  while  the  slightest  pressure  on  the  lever  is  sufficient  to 
do  so.  These  keppers  are  of  great  use  in  regulating  the  supply  of 
coal  to  jigging  screens,  or  to  the  bars  of  fixed  screens.  Of  course 
the  screen  must  be  so  steep  that  the  coal  will  resiune  its  descent 
after  being  stopped. 

Revolving  Screens. — ^These  screens  are  made  like  a  large  revolving 
riddle  fixed  on  a  central  axis.  They  are  largely  used  for  dry-cleaning 
and  sorting  the  smaller  qualities  of  coal  after  they  have  been  passed 
over  a  fixed  or  jigging  screen.  They  may  be  made  either  of  wire 
netting  or  sheet-iron  plates  with  circular  perforations  to  suit  the 

*  Report  of  Committeo  on  Coal  Cleaning,  Jilin.  Inst.  Scot.^  p.  160. 
*/6id,p.  182. 
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size  of  coal  required.  A  revolving  screen  is  usually  made  to  sort  or 
separate  two  or  three  different  sizes  of  coal,  different  parts  of  the 
screen  being  provided  with  differently  sized  apertures,  as  shown  in 
fig.  482. 


Figs.  480,  481.-— The  'Kepper.' 

Jigging  or  Shaking  Screens.— This  class  of  screen  is  now  very 
largely  used  in  place  of  the  fixed  bar  type  for  the  screening  and 
sizing^  of  coal.  The  screens  are  set  at  a  very  slight  inclination,  10* 
to  12°  from  the  horizontal,  and  hence  the  coal  descends  veiy  slowly, 
gets  very  little  broken  during  the  process,  and  can  be  thoroughly 


Fig.  482. — Revolving  Screen. 

picked  and  cleaned.  The  screens  usually  derive  their  motion  from 
arms  attached  to  the  sides,  and  which  work  eccentrically,  giving  the 
screens  a  rapid  to-and-fro  motion,  the  coal  at  the  same  time  moving 
slowly  forward.  They  are  usually  suspended  to  beams  by  means  of 
four  rods  fitted  with  adjustable  screws  for  altering  their  inclination  if 
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required.  The  eccentric  for  driving  has  a  short  stroke,  3  to  6  in.,  and 
makes  about  60  to  100  revolutions  per  minute.  The  screens  may  be 
constructed  of  wire  netting  fixed  in  a  frame,  or  of  sheets  of  iron  or 
steel  with  circular  openings.  The  latter  are  very  largely  employed,  and 
are  preferable  to  those  constructed  of  wire  netting,  as  they  last  much 
longer  and  size  the  coal  much  better.  Figs.  483,  484  illustrate  the 
construction  of  a  jig^g  screen  and  the  method  of  fixing  it. 

Coal  Washing  or  Wet  Cleaning. — Coal  below  a  certain  size,  when 
mixed  with  foreign  substance,  is  difficult  to  clean  properly  without 
washing.  Some  coals  are  so  intermixed  with  impurities  that  no  other 
method  than  wet  cleaning  would  be  of  any  use.  As  small  coal  usually 
contains  the  highest  percentage  of  impurities,  it  is  usually  dealt  with 
in  this  way.  The  cleaning  of  coal  may  be  performed  in  many  ways, 
all  of  which  are,  however,  based  on  the  same  principle,  i.e.  the  differ- 
ences in  density  existing  between  the  impurities  and  the  coal.  The 
different  methods  of  washing  coal  are*:  (1)  by  an  ordinary  inclined 
trough  washer  with  fixed  stops ;  (2)  by  a  fixed  trough  washer  with  mov- 
able scrapers,  of  which  Elliot's  patent  is  an  example ;  (3)  by  movable 
troughs,  such  as  the  Murton  and  the  Wood  and  Burnett  washers ; 
(4)  by  continuous  ascending  current  washers,  such  as  the  Robinson 
washer;  (5)  by  intermittent  ascending  current  washers,  as  in  the 
Liihrig  and  Copp6e  washers ;  (6)  by  compressed  air,  as  in  the  Baum 
washer. 

Choice  of  Washer. — In  choosing  a  washing  plant  the  most  import- 
ant consideration  is  the  financial  one,  and  this  is  generally  where  the 
difficulty  lies,  for  a  certain  class  of  machine  may  be  expensive  in  first 
cost  and  yet  may  soon  recoup  the  outlay  by  economy  in  working  and 
in  producing  a  cleaner  and  better  quality  of  coal,  while  a  machine 
that  may  be  erected  at  half  the  cost  may  prove  much  more  expensive 
in  other  respects  in  the  end.  An  important  point  also  is  that  the 
coal  must  be  adapted  to  meet  the  buyer's  requirements,  while  different 
kinds  of  impurities  require  different  methods  of  treatment.  M.  Gallon 
states  the  position  clearly  when  he  says : — "  In  the  case  of  coal  cleaning 
we  are  dealing  with  enormous  quantities  of  a  substance  of  compar- 
atively little  value,  the  profit  on  which  is  reduced  to  a  minimiun  by 
competition.  We  are  consequently  forced  to  employ  special  machines 
as  simple  as  possible  in  construction,  and  capable  of  treating  con- 
siderable quantities.  We  must  abandon  all  idea  of  treating  coal 
by  frequent  repetitions  of  the  same  process,  or,  at  all  events,  do  so 
sparingly,  so  as  not  to  burden  the  undertaking  with  heavy  costs,  and 
the  operations  must  be  carried  on  with  simplicity  and  economy." 

For  small  quantities  of  coal,  and  where  not  much  sorting  is  required, 
the  trough  washer  is  often  found  satisfactory,  or,  if  a  more  thorough 
cleaning  is  desired,  the  ordinary  *Bash'  washer  is  as  good  as  any 
for  economical  working. 

Wlien  large  quantities  have  to  be  dealt  with,  and  the  coal  requires. 
*  The  Practical  Engineer's  Pocket  Book,  1897,  p.  323. 
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should  be  submitted  to  a  thorough  analysis,  the  result  of  such  a  test 
often  affording  suflBcient  information  for  a  decision  to  be  arrived  at. 
The  three  important  points  in  coal  cleaning  are;— To  remove  im- 
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purities  as  far  as  possible ;  not  to  allow  any  coal  to  pass  away  with 
the  impurities ;  and  to  achieve  these  objects  in  the  cheapest  manner. 

Trough  Washer, — This  is  one  of  the  earliest  and  simplest  types  of 
coal  washers.  It  consists  of  a  long,  narrow  trough  divided  into  a 
number  of  stages  by  means  of  projecting  pieces  fixed  to  the  bottom 
or  sides  of  the  trough.  The  trough  is  set  at  an  inclination  of  2  in. 
or  3  in.  per  yard,  and  a  stream  of  water  is  allowed  to  flow  continuously 
and  sufficiently  fast  to  carry  the  coal  forward  over  the  projections, 
while  the  heavier  impurities  fall  to  the  bottom  and  are  caught  in  the 
divisions  of  the  trough.  When  a  certain  quantity  of  coal  has  been 
cleaned  the  flow  of  water  is  stopped  and  the  refuse  cleaned  out, 
ready  for  another  operation. 

An  improvement  on  this  form  of  trough,  with  stationary  dams,  is  a 
travelling  scraper  on  the  endless  chain-principle,  which,  by  moving 
along  the  bottom  of  the  trough  against  the  stream  of  water  and  coal, 
delivers  the  impurities  automatically  at  the  upper  end  of  the  trough. 
The  dimensions  of  these  troughs  are  from  50  to  80  ft.  long,  2  to 
3  ft.  wide,  and  10  to  12  in.  deep.  The  trough  washer  is  best  suited 
for  small  quantities  of  coal;  it  requires  a  large  flow  of  water  and 
entails  extra  labour,  but  it  has  the  recommendation  of  being  simple 
in  construction  and  cheap  at  first  cost.  A  trough  washer  60  ft.  long 
and  2  ft.  broad,  with  revolving  riddle  and  connections,  can  be  erected 
for  about  £180. 

Mliot  Trough  Washer, — This  is  an  improvement  on  the  old  trough 
washer.  It  consists  of  a  wrought-iron  or  steel  trough,  about  18  in. 
wide  at  the  bottom  and  30  in.  wide  at  the  top,  and  having  sloping 
sides.  At  each  end  a  sprocket  wheel  is  fixed,  round  which  an  endless 
chain  passes,  and  attached  to  the  chain  at  intervals  of  6  ft.  are  fixed 
scrapers  to  fit  the  inside  of  the  trough.  The  scrapers  form  stops  or 
dams,  which  are  slowly  moved  by  the  chain  along  the  trough  in  the 
opposite  direction  to  the  flow  of  the  water.  The  trough  is  set  at  an 
inclination  of  about  1  in  12,  and  the  coal  is  admitted  at  the  centre 
of  its  length  and  the  water  at  its  upper  end.  As  the  water  runs 
down  it  carries  with  it  the  coal,  which  is  lighter  than  the  dirt,  while 
the  latter  settles  in  the  scrapers  and  is  carried  against  the  stream  of 
water  and  delivered  at  the  opposite  end. 

Murton  Coal  Washer, — This  machine,  like  the  Elliot  washer, is  an  im- 
proved trough  washer.  It  consists  (fig.  485)  of  an  endless  articulated 
steel  trough  belt,  which  is  watertight.  This  trough  revolves  slowly 
round  suitable  dnuns  at  each  end,  the  action  being  continuous  and 
automatic.  The  clean-washed  coal  falls  into  a  hopper  at  the  lower 
end,  the  dirt  or  refuse  is  delivered  into  a  dirt  hopper  at  the  upper 
end.  The  trough  is  constructed  of  steel,  60  ft.  long,  3  ft.  wide,  8 
in.  deep,  and  fixed  at  an  inclination  of  1  in  18.  The  supporting 
drums  and  rollers  are  mounted  on  a  suitable  frame.  Inside  the 
trough,  at  intervals  of  3  ft.,  are  dams  or  stops  about  2  in.  high. 

Method  of  Working. — The  trough  is  set  in  motion  and  travels  up 
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the  incline,  and  towards  the  coal  and  water  supply,  at  a  speed  of 
from  8  to  10  ft.  per  minute.  The  coal  from  the  hopper  H  (fig.  485) 
and  water  from  the  nozzle  E  are  turned  on  in  suitable  proportions. 
The  latter,  carrying  the  coal  with  it,  flows  in  a  direction  contrary  to 
that  of  the  trough  to  the  coal  delivery  end  D,  where  it  is  delivered 
free  from  impurities.  The  dirt  falls  to  the  bottom  of  the  trough, 
and  is  arrested  by  the  stops  c  c,  and  carried  forward  by  the  motion 
of  the  trough  beyond  the  point  E,  after  passing  which  it  is  agitated 
in  such  a  manner  that  any  coal  mixed  with  it  is  liberated,  and  carried 
back  by  a  strong  current  of  water  from  the  supply  pipe  J  to  F, 
where  it  joins  the  regular  coal  feed,  and  is  carried  along  with  the 
rest  of  the  clean  coal  forward  to  D.  The  refuse  continues  to  be 
carried  upwards  to  the  end  of  the  trough  M,  and  as  the  belt  moves 
over  the  drum  A  it  falls  off  into  the  hopper.  The  trough  is 
washed  clean  by  the  water  spray  s,  and  passes  to  the  drum  A'  at 
the  lower  end  D.  The  coal,  when  delivered  at  the  lower  end,  falls 
into  a  spout,  with  a  draining  plate  (with  125  perforations  -^  in. 
diameter  per  sq.  in.),  and  the  water  is  quickly  drained  away.  About 
450  gallons  of  water  per  minute  are  required  when  washing  400  tons 
of  coal  per  day,  but  the  same  water  can  be  used  over  and  over  again. 

Robinson  Washer. — This  machine,  which  is  shown  in  fig.  486,  con- 
sists of  a  truncated  inverted  cone,  made  of  steel  plates  about  8  ft. 
diameter  at  top  and  2  ft.  diameter  at  bottom  and  6J  ft.  deep.  A 
strong  shaft  is  fixed  vertically,  to  run  in  the  centre  of  the  cone ;  on 
this  shaft  is  a  strong  cast-iron  cross-head,  to  which  are  bolted  four 
cross  arms.  To  each  of  these  cross  arms  are  bolted  three  heavy 
wrought-iron  bars,  but  outwards  at  the  bottom,  and  projecting  down 
so  as  almost  to  touch  the  sides  of  the  cone  or  washer,  and  on  the 
bottom  of  the  driving  shaft,  are  also  bolted  four  shorter  arms,  as 
shown  in  illustration.  In  practice  the  coal  passes  into  the  washer 
from  the  spout  A  into  the  centre  ring  B,  while  the  water  supply 
is  forced  in  at  the  bottom  at  E  and  through  the  perforations  G. 

The  coal  is  kept  in  a  continual  state  of  agitation,  and  as  it  sinks 
into  the  washer  it  is  met  by  the  upward  current  of  the  water ;  and, 
being  lighter  in  weight  than  the  impurities  with  which  it  is  associated, 
is  floated  upwards,  as  indicated  by  the  arrows,  and  overflows  at  D. 
The  impurities  sink  downwards  and  are  collected  in  the  chamber  J. 
When  this  chamber  is  filled,  the  upper  valve  H  is  closed,  and  the 
lower  valve  H'  opened;  this  allows  the  accumulated  refuse  to  be 
discharged,  after  which  the  lower  valve  is  closed  and  the  operation 
repeated.  The  shaft,  with  cross-head  and  depending  arms,  revolves 
at  the  rate  of  14  or  15  revolutions  per  minute. 

In  fig.  487  is  shown  a  general  arrangement  of  a  Robinson  washing 
plant. 

The  clean  coal  passes  from  the  washer  on  to  inclined  perforated 
screens  or  shoots,  and  is  here  freed  from  the  water,  after  which  it  is 
either  carried  by  means  of  conveying  machinery  to  storage  bins,  or 
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falls  direct  into  the  waggons.  The  water  from  the  overflow  is 
collected  in  settling  ponds,  and  by  means  of  a  pulsometer  pump  is 
again  forced  into  the  washer  for  further  use. 

The  Robinson  washer  is  cheap  to  construct  and  maintain,  and 
requires  little  water,  but  it  largely  depends  for  its  efficiency  on  the 
attention  and  skill  of  the  man  in  charge,  who  may  often  be  tempted 
to  pass  more  coal  through  it  than  it  can  effectually  deal  with.     These 


Fig.  486. — Robinson  Washer. 

machines  can  be  made  to  wash  from  20  to  40  tons  per  hour.  The 
cost  of  a  Robinson  washing  plant  to  treat  20  tons  per  hour  is  from 
£250  to  £350. 

Ltihrig  and  Copp6e  Machines.— A  paper  read  before  the  South 
Wales  Institute  of  Mining  Engineers  *  gives  an  elaborate  description 
of  the  construction  and  working  of  these  machines.  The  following 
abridgment  t  will,  however,  suffice  to  explain  their  action.  The 
machines  are  made  in  two  sizes,  the  larger  dealing  with  coal  from  5 
in.  to  I  in.  in  thickness,  and  the  smaller  taking  fine  coal  and  powder. 

*  S.  Wales  ItisL  Min.  E.,  xiv.  pp.  88-102. 
t  Hughes's  Coal  Mining ^  pp.  416-4. 
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"The  larger,  or  nuts  machine  (figs.  488,  489),  is  of  the  ordinary  con- 
tinuous jig  type,  and  consists  of  two  compartments  A  and  B,  in  one  of 
which  the  piston  works,  while  the  other  is  provided  with  a  perforated 
strainer,  slightly  inclined  from  front  to  back.  The  piston  P  receives 
an  up-and-down  motion  by  being  connected  to  cranks  on  a  horizontal 
shaft,  and  the  amount  of  this  throw  can  be  varied  from  If  to  4  in. 
An  opening  W  runs  along  the  front  of  the  washing  compartment,  and 
through  this  clean  coal  continuously  passes  away.  The  shale  is  dis- 
<;harged  through  a  small  cylindrical  compartment  D,  connected  to  the 


Fig.  487. — Geueral  arrangement  of  a  Robinson  Washing  Plant. 


side  of  the  casing,  but  which  starts  above  the  level  of  the  strainer, 
leaving  a  free  space  between  the  strainer  and  the  lowest  end  of  the 
compartment  of  about  3  in.  It  is  open  at  both  ends,  and  commimicates 
with  the  outside  of  the  machine  through  the  opening  R.  It  is  pro- 
vided with  a  sliding  door  which  regulates  the  discharge  of  the  shale. 

"  When  the  unwashed  coal  is  introduced  into  the  machine,  and  the 
piston  descends,  it  drives  water  into  the  compartment  B,  and  lifts 
the  bed  of  the  material  resting  on  the  strainer.  On  the  return  stroke, 
the  heavier  dirt  falls  faster  than  the  lighter  coal,  while  in  the  upstroke 
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the  lighter  coal  is  lifted  farther  than  the  heavier  dirt ;  the  result  is, 
that  the  two  substances  separate  into  layers,  the  coal  being,  of  course, 
the  higher. 


Figs.  488,  489.— Liihrig  and  Copp^e  Machines. 


"  Tlie  Felspar  Washer  is  of  similar  construction,  but  differs  materi- 
ally in  its  method  of  working.  It  consists  of  a  box,  divided  into  two 
compartments  by  a  longitudinal  partition,  in  one  of  which  the  piston 
works  as  before  (figs.  490,  491).     It  is  also  generally  divided  into 
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two  or  sometimes  three  compartments  in  the  direction  of  its  length, 
each  commimicating  with  the  other  by  openings  o  along  the  side,  and 
through  these  the  washed  coal  passes  away.  In  the  nuts  washer  the 
holes  through  the  sieve  are  smaller  than  the  size  of  the  material 
being  treated,  and  consequently  no  discharge  takes  place  through 
them.  In  the  felspar  machine  they  are  larger  than  the  material,  and 
the  dirt  passes  through  the  sieve  into  the  lower  part  of  the  apparatus 
Three  sieves  are  generally  employed.  The  dirty  coal  is  introduced  at 
one  end  and  gradually  passes  down  over  the  remaining  gratings,  the 
clean  material  being  finally  discharged  at  the  opposite  end. 

"The  chief  peculiarity  is  the  introduction  of  a  layer  of  felspar, 
from  2  or  3  in.  thick,  on  each  sieve,  whose  specific  gravity  is 
greater  than  that  of  the  material  to  be  concentrated,  and  yet  less  than 
that  of  the  gangue.  The  sizes  of  the  particles  of  this  bed  are  larger 
than  the  holes  in  the  sieve.     The  whole  framework  of  the  machine  is 


Fios.  490,  491. — Felspar  Machines, 


filled  with  water  up  to  the  level  of  each  sieve,  and  as  the  pistons  work 
up  and  down,  a  volume  of  water  is  forced  through  the  holes  in  the 
bottom  of  each  sieve,  lifting  the  bed  and  the  layer  of  material  on  it, 
and  then  allowing  the  whole  to  fall  again  on  the  return  stroke.  The 
lighter  coal  rises  to  the  surface,  and  the  heavier  dirt  gradually  finds 
its  way  through  the  bed  of  felspar,  when  it  falls  into  the  bottom  of  the 
compartment  to  be  removed  from  time  to  time.  It  is  essential  for 
thorough  cleaning  that  the  size  of  the  felspar  should  be  as  small  as 
allowable,  and  that  the  particles  of  mineral  forming  the  bed  should 
be  of  convenient  density,  have  well-defined  rectilinear  angles,  and 
be  of  great  durability  to  resist  wear  and  tear.  A  point  of  con- 
siderable importance  is  the  proper  regulation  of  the  delivery  of  water, 
which  is  controlled  by  a  tap ;  upon  this  depends  the  progress  of  the 
material  and  the  time  it  is  operated  upon. 

"  For  very  dirty  coal,  perhaps  no  machine  does  its  work  so  efficiently 
as  this ;  indeed,  everyone  gives  it  the  character  of  removing  dirt.  It 
is,  however,  expensive  in  the  first  cost,  but  requires  little  attention. 
Much  depends  upon  the  percentage  of  dirt  originally  present  in  the 
coaL     If  it  is  small,  and,  say,  one-half  of  it  is  removed,  the  coke  from 
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the  resulting  product  is  a  fair  one ;  on  the  other  hand,  where  the 
dirt  amounts  to  from  15  to  30  per  cent,  and  only  3  to  10  per  cent,  is 
taken  away,  the  coke  is  very  bad.  With  a  dirty  coal,  probably  it  is 
best  to  use  machines  of  this  type." 

Baum    Washer, — This  machine  applies  a  new  principle  to  coal 


Fig.  492.— Baum  Washer. 


washing,  inasmuch  as  compressed  air  is  used,  instead  of  a  vertically 
reciprocating  piston,  for  producing  the  oscillations  of  the  water 
through  the  bed  of  the  jigger.  By  this  method  it  is  claimed  that  all 
noise,  vibration,  and  shock  are  done  away  with,  and  that  less  power 
is  required  than  in  an  ordinary  piston  machine.     Fig.  492  shows  a 
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cross  section  of  one  of  the  jigging  machines.*  The  jiggers  are  con- 
structed of  steel  or  wrought-iron  plates  connected  by  angle  irons. 
The  water-box  m  is  closed  at  the  top  by  a  horizontal  plate,  to  which 
is  fitted  a  piston  valve  casing  ^,  in  which  works  a  piston  or  cylindrical 
valve  hj  actuated  by  the  eccentric  7^,  and  having  ports  or  openings  in 
the  sides  to  control  the  admission  and  exhaustion  of  compressed  air 
to  and  from  the  upper  closed-in  part  of  the  water-box  m.  Openings 
j  are  provided  in  the  sides  of  the  casing  g  for  the  escape  of  the  com- 
pressed air  from  the  water-box ;  and  o  is  a  stop  valve  for  admitting 
or  shutting  off  the  compressed  air.  The  latter,  at  a  pressure  of  1 J  to 
2  lbs.  per  sq.  in.,  is  drawn  from  the  receiver,  to  which  it  is  supplied 
by  the  air  compressor. 

In  the  coarse  jigging  machines  the  valve  li  makes  from  50  to 
70  strokes  per  minute,  and  in  the  fine  jiggers  from  75  to  110 
strokes  per  minute,  the  alteration  in  speed  being  effected  by  means 
of  coned  pulleys  on  the  driving  and  countershafts.  The  jigger  sieve 
s  is  of  f  in.  mesh  for  the  coarse  and  \  in.  mesh  for  the  fine  jiggers. 
At  the  top  of  the  machine  there  is  an  overflow  bar  d^  over  which  the 
coal  from  the  coarse  jiggers  is  carried  along  channels  to  special  nut 
pockets;  //  are  two  slides,  adjustable  by  means  of  the  levers  tt\ 
for  regulating  the  outflow  of  the  dirt,  which  falls  to  the  bottom  of 
the  jigging-box,  and  is  conveyed  away  by  means  of  a  spiral  conveyer 
u  extending  the  whole  length  of  the  jig  battery. 

It  will  be  noticed  that  the  mesh  used  in  the  fine  jigging  machines 
is  larger  than  much  of  the  material  treated,  and  it  might  be  supposed 
that  some  of  the  latter,  including  the  coal,  would  fall  through  the 
sieve.  The  machines,  however,  can  be  so  regulated  that  the  larger 
pieces  of  stone  or  shale  are  retained  a  considerable  time  on  the  sieve, 
and  owing  to  the  weight  of  material  above  them  they  set  themselves 
parallel  to  the  sieve  and  form  a  bed  similar  to  the  felspar  bed  em- 
ployed in  the  Copp^e  fine  jigging  machines. 

Cost  of  Goal  Washing. — This  will  vary  very  much  with  the  class  of 
machine  used,  the  quality  of  the  coal,  and  the  percentage  of  dirt 
accompanying  it ;  and  also  on  the  amount  of  dressing  or  preparation 
the  coal  requires  for  the  market. 

The  following  table  t  shows  the  cost  per  ton  of  washing  by  various 
machines  in  the  year  1886  : — 


Name  of  Colliery. 

Dry  Gleaning. 

Wet  Cleaning. 

Type  of 
Washer. 

L/onuiiion  oi  v^oai 

previous 

to  Washing. 

Crushed. 

Barrow, 

lid. 

2id. 

Robinson. 

Aldwark  Main, 

2|d. 

Trough. 

n 

Nunnery, 

3d. 

l-40d. 

>> 

Not  crushed. 

Annesly, 

2Jd.  to  3d. 

... 

Clifton,  . 

3d.  to  4d. 

6d,  to  7d. 

Copp^e. 

Not  crushed. 

North  Motherwell, . 

... 

0-7d. 

Liihrig. 

>» 

*  Trans.  I.M.E.,  vol.  vii.  p.  158. 

t  Trans.  M.  /.  Scot^  Coal  Cleaning  Committee's  Report,  p.  179. 
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CHAPTER  XV. 

SURVEYING,  LEVELLING,  AND  PLANS. 

"Surveying  is  the  art  of  ascertaining  by  measurement  the  shape 
and  size  of  any  portion  of  the  earth's  surface,  and  representing  the 
same  on  a  reduced  scale,  in  a  conventional  manner,  so  as  to  bring  the 
whole  under  the  eye  at  once."  ^Surveying  has  also  been  defined  by 
Mr  Bennett  H.  Brough  as  "  the  art  of  making  such  measurements  as 
are  necessary  to  determine  the  relative  positions  of  any  points  on  the 
earth's  surface.  From  such  measurements  a  plan  of  any  portion  of 
the  earth's  surface  may  be  drawn,  and  its  area  calculated." 

In  ordinary  mine  surveying  three  objects  are  in  view,  viz.,  to 
obtain  a  correct  plan  and  section  of  the  underground  workings ;  to 
ascertain  the  correct  position  of  all  surface  buildings,  shafts,  and 
other  features,  and  the  correct  boundary  line  of  the  field  or  royalty 
to  be  worked,  and  to  connect  as  accurately  as  possible  the  workings 
on  the  imderground  plan  with  the  surface  survey. 

t  "  All  surveys  are  conducted  on  nearly  the  same  principles,  the 
difference  consisting  in  the  style  of  the  instruments  used  in  the  work, 
and  the  different  methods  of  calculating  the  various  data  connected 
with  the  survey." 

The  instrument  which  is  in  most  common  use  for  ordinary  under- 
ground surveys  of  mines  is  the  miner's  compass  or  dial,  sometimes 
called  the  circumferentor.  This  is  an  instrument  the  chief  use  of 
which  is  to  measure  horizontal  angles.  As  used  with  the  loose  needle 
the  angles  are  measured  in  relation  to  the  magnetic  meridian,  and  as 
used  with  the  vernier  or  fast  needle  the  angles  are  measured  either 
in  relation  to  the  magnetic  meridian  or  in  relation  to  any  given  base 
line.  The  instrument  consists  essentially  of  two  parts,  a  needle 
swinging  freely  on  a  pivot,  and  the  dial  on  which  the  angles  are  read. 
When  surveying  with  the  magnetic  compass  it  is  most  important  to 
remember  that  the  needle  does  not  point  to  the  trtie  north,  and  that 
the  direction  in  which  it  points  is  subject  to  several  variations  from 

*  A  Treatise  on  Mine  Surveying,  by  Bennett  H.  Brough,  p.  1. 

t  Ihid, 
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time  to  time.  It  is  more  than  300  years  ago  since  observations  were 
first  made  on  the  variations  of  the  needle,  and  we  are  therefore  not 
without  some  data  to  guide  us.  In  Queen  Elizabeth's  time,  i.e, 
about  1580,  the  variation  was  about  IT  IT  east;  in  Charles  IT.'s 
time,  1657,  this  variation  had  disappeared  altogether  and  the  needle 
coincided  with  true  north.  The  needle  swings  backwards  and 
forwards  on  each  side  of  the  true  north  like  the  pendulum  of  a  clock, 
but  with  this  difference,  that  it  swings  in  centuries  and  not  in 
seconds.  Its  maximum  variation  is  24*  48'  on  either  side,  and  this  is 
termed  the  secular  variation.  Taking  the  average  between  1580  and 
1880,  the  variation  was  8 J  minutes  per  year,  and  for  the  ten  years 
between  1877  and  1887  the  total  variation  was  T  12',  giving  an 
average  of  7*2'  per  year.  Since  1660,  in  which  year  there  was  no 
variation,  the  declination  has  been  towards  the  west, 
attaining  its  maximum  in  1820,  and  then  gradually 
decreasing,  so  that  at  the  present  time  the  magnetic 
meridian  is  again  approaching  the  true  meridian.  The 
average  annual  variation  of  the  needle  may  be  taken  at 
8  minutes. 

The  magnetic  needle  at  Greenwich  at  this  date  (1899) 
points  about  16"  30'  to  the  west,  as  shown  in  fig.  493. 
At  Edinburgh  the  magnetic  declination  is  3"  greater 
than  at  Greenwich,  while  in  Glasgow  and  Dublin  it  is 
3**  50'  greater.  In  the  North  of  England  the  variation 
is  about  If  degrees  greater  than  at  Greenwich. 

A  very  elaborate   magnetic  survey  was  carried   out 
between  the  years  1884  and  1891,  by  Professors  Rucker 
and  Thorpe,  to  determine  the  amount  of  variation  and 
the  lines  of  attraction  in  the  United  Kingdom.     Obser-    Fig.  493. 
vations  were  made  at  882  different  places,  and  from  their 
calculations  and  a  map  it  will  be  possible  to  gain  some  idea  how 
far  loc^l  disturbances  are  likely  to  affect  the  needle  at  any  given 
place. 

As  regards  such  disturbances  it  is  found  that  the  north-seeking 
pole  of  the  compass  is  attracted  to  certain  regions  and  to  lines  which 
can  be  traced  for  scores  or  even  hundreds  of  miles.  These  lines  they 
(RUcker  and  Thorpe)  call  magnetic  ridge  lines* 

The  principal  ridge  lines  determined  were  as  follows : 

(1)  In  the  Scotch  coalfield  a  ridge  line  runs  from  the  neighbour- 

hood of  North  Berwick  to  the  Clyde  between  Glasgow  and 
Hamilton,  turns  south  to  Newmilns  in  Ayrshire,  and  finally 
runs  in  a  northerly  direction  towards  Ardrossan  and  Arran. 

(2)  The  Yorkshire  coalfield  is  dominated  by  a  ridge  line  which  runs 

south-west  from  Harrogate  towards  Keighley,  and  follows 
the  outcrop  of  the  Millstone  Grit  to  Matlock. 

*   Trans.  Inst.  Min.  Engs.,  vol.  ix.  pp.  418-419. 
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(3)  In  the  southern  part  of  the  Derbyshire  coalfield   the  north- 

seeking  pole  of  the  magnet  is  attracted  from  all  sides  to  a 
centre  whicli  is  a  little  to  the  north-east  of  Nottingham. 

(4)  In  the  Lancashire  coalfield  a  ridge  line  runs  from  Kochdale  to 

Wigan  and  South  port. 

(5)  In  the  South  Wales  coalfield  a  ridge  line  runs  from  Kisca  to 

the  south  end  of  Ebbw  Vale,  and  another  passes  from 
Brecon  to  Neath,  and  thence  nearly  due  west  through  the 
centre  of  the  coal  measmres. 

If  these  ridge  lines  are  therefore  drawn  upon  a  map,  and  the  varia- 
tion determined  for  places  in  their  vicinity,  the  magnetic  variation 
for  any  given  locality  may  be  pretty  accurately  ascertained. 

The  amount  of  variation  may  also  be  approximately  determined 
for  any  locality  in  Great  Britain  by  drawing  lines  on  a  map  in  the 
following  directions :  * 

(a)  From  Winch elsea  (Sussex)  by  point  of  Sheppey   Island  and 

Ipswich,  the  magnetic  declination  is  30  minutes  less  than 
at  Greenwich. 

(b)  From  Cowes  (Isle    of    Wight)    by   Basingstoke    and   Great 

Grimsby  30  minutes  more  than  at  Greenwich. 

(c)  From  Start  Point  by  Teignmouth,  Newport  (Mon.),  the  Peak 

to  Seaham  r*30'  more. 

(d)  From  the  Land's  End  by  Great  Ormes  Head,  Skiddaw,  etc., 

2'  30'  more. 

(e)  From  Peel  (Isle  of  Man)  by  Wigton  to  Falkirk,  3*-20'  more.    If 

these  differences  are  applied  to  the  declination  at  Greenwich, 
the  amount  of  declination  or  variation  on  each  line  may  be 
obtained.  For  any  place  situated  on  one  of  these  lines  the 
value  of  the  variation  will  thus  be  at  once  ascertained,  and 
for  a  place  situated  between  any  two  lines  a  proportional 
variation  may  be  made  from  the  values  found  for  the 
adjacent  lines. 

The  variation  of  the  magnetic  meridian  shows  the  necessity  of 
recording  on  all  colliery  plans  the  date  and  amount  of  declination 
for  the  guidance  of  future  working.  Many  accidents  can  be  traced 
to  the  neglect  of  doing  this  at  the  time  of  drawing  up  the  plan. 
The  date  of  an  old  plan  may  be  approximately  ascertained  by  look- 
ing at  the  meridian  line  on  it ;  thus,  if  a  plan  is  found  having  a 
meridian  with  a  declination  of  21"  00'  west  of  the  true  north,  we 
would  say  that  it  was  probably  made  about  the  year  1864,  the 
variation  for  that  year  having  been  21**  03'  at  Greenwich.  The 
needle  is  also  subject  to  diurnal  fluctuations. 

Diurnal  Variation. — In  the  afternoon  the  needle  is  drawn  a  few 
minutes  to  the  west  and  in  the  early  morning  a  few  minutes  to  the 

♦  Colliery  Manager^s  Pocket  Book,  1898,  p.  151. 
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east.  The  needle  stands  at  its  mean  position  a  little  after  10  a.m. 
and  a  little  before  7  p.m.  The  variation  is  greater  in  summer-time 
than  in  winter,  but  seldom  exceeds  about  10  minutes.  This  varia- 
tion must  be  taken  into  account  when  making  surveys  in  which 
accuracy  is  required,  but  under  ordinary  circumstances,  such  as  the 
quarterly  extension  of  colliery  plans,  the  variation  is  too  small  to 
cause  any  appreciable  error. 

The  dechnation  of  the  needle  may  be  due  to  various  causes,  such 
as: — 

(1)  The  presence  of  masses  of  magnetic  rock. 

(2)  Induction  currents. 

(3)  Magnetic  storms. 

The  chief  mineral  that  attracts  the  needle  is  magnetite,  which  is 
found  in  masses,  veins,  and  sands.  Tops  of  mountains  in  the 
Northern  Hemisphere  attract  the  north-seeking  end  of  the  needle. 
Beaches  are  often  covered  with  magnetic  sand;  for  instance,  in 
Kothesay  Bay  there  is  a  large  bed  of  this  description.  Other 
minerals  that  attract  the  needle  are  magnetic  pyrites  and  native 
iron.  All  crystalline  rocks  contain  minerals  which  deflect  the  magnet 
more  or  less,  and  rocks  which  are  dark-coloured  do  so  more  than 
others,  as  such  rocks  usually  contain  a  fair  proportion  of  iron  com- 
pounds. Sometimes  the  needle  is  affbcted  in  positions  where  no  such 
rocks  are  visible,  a  notable  instance  of  this  being  at  Melton-Mowbray, 
where  there  are  no  igneous  rocks  in  the  immediate  neighbourhood, 
although  the  needle  is  deflected  through  as  much  as  67°,  which  may 
be  due  to  the  presence  of  large  masses  of  basaltic  rock  lying  beneath 
the  surface. 

Prof.  A.  W.  Eiicker,*  speaking  of  this  source  of  attraction, 
says: — "Magnetic  rocks  are  often  permanently  magnetized,  and 
may  deflect  a  compass  held  close  to  them  through  40*  or  50*.  The 
permanent  magnetization  is,  however,  irregular,  and  at  a  compara- 
tively short  distance  the  disturbing  effect  appears  to  be  due  almost 
exclusively  to  the  uniform  magnetization  produced  by  the  earth's 
magnetic  field." 

The  general  conclusions  which  he  comes  to,  both  as  regards  theory 
and  experiment,  are: — (a)  "That  dykes  and  thin  uniform  basaltic 
sheets  produce  no  measurable  effects  except  at  distances  from  their 
edges,  which  are  small  multiples  of  their  thickness ;  (b)  That  isolated 
masses  of  trap-rock,  a  few  square  miles  in  area,  produce  no  important 
magnetic  effects  at  distances  comparable  with  their  linear  dimen- 
sions." 

Imludion  Currents, — Induction  currents  may  be  produced  by  the 
neighbourliood  of  currents  or  of  magnetic  bodies  inducing  them,  i,e. 
rocks  containing  iron  or  its  compounds. 

*  Trans,  Inst.  Min,  Eng.^  vol.  ix.  p.  420. 
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Magnetic  Storms. — The  irregular  fluctuations  of  the  needle  which 
occur  from  time  to  time  proceed  from  magnetic  storms.  The  word 
storm  in  this  connection  does  not  necessmly  imply  violent  action, 
although  occasionally  the  needle  oscillates  backwards  and  forwards. 
As  a  general  rule,  however,  the  needle  becomes  temporarily  deflected 
some  degrees  beyond  the  normal  variation  over  a  large  area,  some- 
times for  24  or  48  hours.  Magnetic  storms  are  invariably  connected 
with  displays  of  aurora,  and,  in  some  unexplained  manner,  with  the 
occurrence  of  spots  on  the  sun,  and,  as  shown  by  Prof.  Balfour 
Stewart,  they  commonly  occur  at  intervals  of  ten  or  eleven  years, 
when  the  sun  spots  are  at  their  maxima.  If  the  compass  is  used 
during  one  of  these  storms  the  needle  sometimes  becomes  practically 
worthless. 

Infliience  of  Bails  on  the  Needle, — The  presence  of  iron  or  steel 
may  cause  the  needle  to  deflect.  Cast-iron  in  small  quantities  does 
not  seem  to  have  much  influence,  and  those  used  imderground  at 
many  Scotch  collieries  (weighing  28  lbs.  per  yd.)  have  so  little  eff^ect 
that  the  surveys  of  those  mines  are  almost  invariably  made  with  a 
free  needle.  Malleable  iron  rails  have  a  more  appreciable  effect. 
With  rails  weighing  12  to  15  lbs.  per  yd.,  the  deflection  is  seldom 
greater  than  2**  when  the  compass  is  placed  in  the  centre  of  the  two 
rails,  and  about  3  ft.  above  the  ground. 

Steel  rails  of  the  same  weight  exert  more  influence,  and  the  needle 
is  often  deflected  over  as  much  as  10**  to  15*  in  the  presence  of  such 
rails,  so  that  special  precautions  become  necessary  in  making  obser- 
vations. Steel  ropes  and  tools  will  also  affect  the  needle,  and  in 
order  to  get  a  true  reading  the  compass  should  be  planted  at  least 
15  ft.  from  any  metal,  while  the  presence  of  a  large  mass  of  metal 
necessitates  its  being  placed  still  further  away.  In  highly  inclined 
workings,  with  the  dip  towards  the  north,  it  frequently  happens  that 
if  a  road  is  driven  in  the  direction  of  the  magnetic  meridian,  the  rails 
become  strongly  magnetized  on  accoimt  of  the  earth  currents  passing 
longitudinally  through  them.  Bails  in  such  a  position  influence  the 
needle  to  a  much  greater  extent  than  would  otherwise  be  the  case. 

Surveying  in  the  presence  of  iron  may  be  carried  out  with  ap- 
proximate accuracy  if  readings  are  taken  at  every  station  instead  of 
at  every  second  station,  and  by  taking  back  and  foresights.  In 
these  circumstances,  both  back  and  foresight  readings  will  be  subject 
to  the  same  degree  of  error,  and,  consequently,  if  a  correct  bearing 
of  any  particular  line  can  be  obtained,  a  fairly  accurate  survey  can 
be  made. 

Dip  of  the  Needle. — A  magnetic  needle  does  not,  in  our  latitudes, 
assume  a  perfectly  horizontal  position.  The  inclination  of  a  freely 
suspended  needle  is  about  67**  at  Glasgow  towards  the  north.  The 
dip  varies  in  the  same  way  as  the  declination,  and  ranges  from  75°,  the 
maximum,  to  66°,, the  recorded  minimum  at  Greenwich.  In  mining 
dials  this  tendency  is  coimterbalanced,  so  that  the  needle  moves  only 
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in  a  horizontal  plane.  All  needles  have  not  exactly  the  same  varia- 
tion, and  for  this  reason  it  is  very  important  that  magnetic  bearings 
made  at  the  surface  should  be  taken  with  the  same  compass  that  has 
been  used  for  the  imdergroimd  surveys. 

The  length  of  needle  in  common  use  for  \mderground  work  is  5 J 
in.  It  consists  of  a  strip  of  steel  with  an  agate  or  ruby  centre,  and  a 
cross-cut  line  marking  the  north-seeking  end.  In  some  cases  a  small 
vernier  is  fixed  to  one  end,  so  that  the  bearing  may  be  read  to  the 
nearest  minute. 

The  dial  plate  is  usually  constructed  of  brass,  although  in  some 
instances  aluminium  has  been  used  with  success.  The  figures  may 
be  marked  on  this  plate  in  various  ways,  according  to  the  practice 
of  different  makers.  The  method  of  reading  will  be  explained 
later. 

Determination  of  True  Meridian. — To  determine  the  true  meridian, 
and  from  this  the  exact  amount  of  magnetic  declination,  various 
methods  may  be  employed,  the  best  two  being  to  make  observations 
of  the  Pole  star  or  of  the  sun. 

Observations  of  Pole  Star  and  Sun. — This  method  is  accomplished 
by  using  a  theodolite  and  bringing  the  telescope  of  the  instrument 
to  bear  upon  the  Pole  star  at  stated  intervals  before  and  after  its 
culmination.  A  reading  is  taken  several  hours  before  its  culmina- 
tion, both  on  the  horizontal  and  vertical  circles  of  the  theodolite. 
After  a  lapse  of  the  same  period  subsequent  to  its  culmination  the 
star  is  sighted  a  second  time,  and  a  reading  taken  as  before.  The 
line  bisecting  the  angle  obtained  by  the  two  readings  will  indicate 
the  true  meridian.  If  the  observations  are  taken  during  winter, 
which  is  the  best  time,  the  readings  are  taken  at  an  interval  of 
11  hours  58  minutes  for  the  Pole  star.  Similar  methods  are 
resorted  to  of  finding  the  meridian  by  means  of  observations  of 
the  sun. 

Setting  out  the  Meridian  Line.— In  every  mining  district  a  per- 
manent meridian  line  should  be  set  out,  so  as  to  enable  surveyors  to 
determine  the  true  meridian  at  any  time. 

The  best  method  of  permanently  marking  out  the  meridian  line 
is  to  insert  in  the  ground,  4  or  5  ft.  deep,  a  large  hard  stone,  granite 
if  possible,  6  or  8  ft.  long  x  2  ft.  broad.  The  stone  should  be  well 
faced  and  firmly  set  in  cement  to  keep  it  from  shifting.  In  the 
upper  surface  of  the  stone  is  fastened  a  brass  plate,  a  foot  square,  let 
in  so  as  to  be  perfectly  horizontal,  and  on  this  the  meridian  line  is 
shown  by  a  fine  engraved  line.  For  practical  purposes  a  point  may 
be  fixed  at  some  part  of  the  royalty,  and  a  line  laid  out  connecting  it 
with  some  permanent  point,  such  as  the  centre  of  the  shaft,  and  the 
bearing  of  the  magnetic  with  this  line  recorded  every  year  or  every 
second  year ;  the  difference  in  the  readings  will  be  the  amount  of  the 
annual  variation.* 

*  A  Treatise  on  Mine  Surveying^  p  50. 


424  PRACTICAL  COAL-MININa. 

A  very  convenient  method  is  to  fix  a  pin  in  the  ground  on  some 
part  of  the  colliery  which  is  unlikely  to  be  affected  by  the  proximity 
to  underground  workings,  and  to  sight  from  thia  point  a  number  of 
permanent  objects  within  range,  such  as  steeples,  factory  chimneys, 
etc.  The  mean  of  the  angles  made  by  the  axis  of  the  magnetic, 
and  the  imaginary  lines  connecting  the  point  with  the  objects 
selected,  determines  the  variation  in  the  meridian  in  a  more 
satisfactory  manner  than  by  relying  on  observations  in  one  line 
only. 

To  ascertain  if  there  are  any  local  attractions  affecting  the  needle, 
a  number  of  observations  should  be  made  on  a  straight  line,  the 
correct  bearing  of  which  is  known. 

Colliery  Plans. — A  number  of  plans  are  published  by  the  Ordnance 
Survey  Department  which  are  of  great  use  in  mining  operations. 
The  smallest  are  on  a  scale  of  1  in.  to  the  mile,  showing  the  roads, 
railways,  and  chief  land  marks,  such  as  farmhouses,  plantations, 
streams,  etc.  The  next  size  is  6  in.  to  the  mile,  showing  every 
detail,  such  as  fences  and  other  boundaries.  On  these  plans  the 
levels  are  also  marked,  showing  the  height  of  various  points  above 
the  mean  sea-level  at  Liverpool.  The  positions  at  which  the  levels 
have  been  taken  are  indicated  by  dots,  and  the  height  marked  beside 
them  in  figures,  thus  0  683-3.  Where  these  observations  have  fmm 
been  made,  bench  marks,  as  they  are  called,  are  cut  on  the  walls  of  ^11 
buildings,  pavements,  etc.     Their  positions  are  indicated  thus :      ' 

Contour  lines  are  also  indicated  on  these  plans  by  means  of 
dotted  lines.  These  contour  lines  indicate  that  each  point  on  the  line 
is  at  the  same  height  (given  in  small  figures  within  the  areas  thus 
outlined)  above  sea-level. 

This  information  is  very  useful  to  the  mining  engineer  in  aiding 
him  to  determine  the  levels  of  the  various  pits  and  bore-holes  which 
may  be  put  down  on  an  estate,  and  in  enabling  him  to  arrive  at  a 
conclusion  as  to  the  best  position  in  which  to  sink  new  shafts  or  to 
lay  down  sidings  and  other  works.  The  1  in.  and  the  6  in.  maps  can 
be  obtained  coloured,  showing  the  geological  formation  of  the  various 
coalfields  and  the  outcrops  of  the  various  seams,  the  depths  of  the 
pits  sunk,  the  position  and  extent  of  faults,  where  proved,  and  much 
other  useful  information.  The  largest  scale  plans  published  by  the 
Ordnance  Survey  is  25  344  in.  to  the  mile,  or  ^^nr  ^^  ^^®  actual 
size  of  the  district  surveyed.  These  plans  are  very  accurate,  and 
show  every  surface-feature  that  was  in  existence  at  the  time  of  the 
survey,  together  with  the  bench  marks,  etc.  Unfortunately,  the 
paper  on  which  the  maps  are  printed  is  found  to  contract  and  ex- 
pand considerably,  and  this  may  sometimes  lead  to  an  error,  but 
that  may  be  guarded  against  to  a  certain  extent  by  using  the  scale 
printed  on  tne  plan  itself  in  preference  to  a  detached  scale.  On 
these  sheets  every  enclosure  is  numbered,  and  a  book  of  reference  to 
these  numbers  is  published  for  each  parish  represented,  giving  the 
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area  of  these  enclosures  and  the  nature  of  the  ground,  such  as 
pasture  land,  wood  land,  gardens,  etc.,  etc.  In  the  latest  editions 
of  these  plans  the  area  of  each  enclosure  is  marked. 

The  levels  marked  on  an  Ordnance  Survey  plan  are  not  always 
correct  for  colliery  districts,  as  the  continual  subsidence  of  the  under- 
ground workings  affects  the  surface  level.  As  an  instance  of  this 
it  was  found  recently,  when  a  new  survey  of  one  of  the  Scotch  coal- 
fields was  made,  that  nearly  every  bench  mark  had  subsided  from 
5  to  7  ft. 

The  Ordnance  Survey  also  publish  vertical  sections  of  the  various 
coalfields,  corresponding  with  lines  shown  in  the  plans,  showing  the 
seams,  and  horizontal  sections  showing  the  nature  of  the  intervening 
strata. 

The  smallest  scale  permitted  for  colliery  plans,  by  the  provisions 
of  the  Coal  Mines  Regulation  Act,  is  ^^nr-  ^^^  ^^^  working  plans 
of  collieries  this  scale  is,  however,  too  small,  and  the  scale  in  common 
use  is  J  in.  to  66  ft.  Sometimes  scales  of  1  in.  to  66  ft.  are  used,  but 
a  plan  of  an  extensive  royalty  drawn  to  that  scale  becomes  incon- 
venient and  unwieldy  to  work  from.  In  preparing  a  colliery  plan 
the  first  step  is  to  make  an  accurate  survey  of  the  surface  boundaries 
and  determine  the  position  of  the  various  shafts  and  surface  build- 
ings. This  is  usually  done  with  a  theodolite.  The  details  of  fences, 
etc.,  may  be  filled  in  by  enlargement  from  the  25  in.  Ordnance  Survey 
maps,  but  as  many  of  these  plans  are  very  much  out  of  date,  it  is 
often  necessary  to  make  a  complete  new  survey  of  all  the  surface 
lines  within  the  boundary.  For  this  purpose  the  theodolite  may  be 
used,  but  where  the  details  are  somewhat  intricate  it  is  more  expeditious 
to  use  the  mining  compass.  A  plan  which  has  merely  been  enlarged 
from  the  25  in.  scale  without  check  surveys  cannot  be  relied  upon 
when  workings  are  being  carried  on  near  the  boundaries,  but  it  may 
be  useful  as  a  general  plan  to  guide  operations. 

The  information  which  should  be  sho^vn  on  colliery  plans  is  as 
follows : — All  underground  workings  showing  the  position  of  coal 
faces  and  the  position  of  all  pillars  of  coal ;  faults  and  dykes  show- 
ing the  direction  and  amount  of  throw ;  all  the  air  and  water-courses 
and  the  haulage  roads.  The  thickness  of  the  coal  should  be  marked 
at  frequent  intervals,  and  special  care  should  be  taken  to  indicate 
clearly  what  has  been  foimd  in  exploration  workings.  The  dip  and 
rise  of  the  strata  should  be  indicated  with  an  arrow  and  the  rate  of 
inclination  marked  thereon.  Levels  should  also  be  marked  at 
various  points,  showing  the  height  above  a  given  datum  line,  one, 
two,  or  three  thousand  feet  below  sea-level  being  convenient  datum 
lines. 

The  date  of  the  survey  of  all  working  faces  sliould  be  neatly 
marked  and  the  workings  should  be  surveyed  and  extended  in  ink 
every  three  months.  The  position  of  all  shafts  should  be  shown  and 
the  depth  marked,  and  a  section  must  be  given  showing  the  strata 
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sunk  through,  or,  if  that  is  not  practicable,  one  showing  the  average 
thickness  of  the  coal  and  the  nature  of  the  roof  and  pavement.  The 
surface  lines  are  usually  drawn  in  with  Indian  ink,  and  the  boundaries 
indicated  by  an  edging  of  colour. 

To  indicate  the  underground  workings,  colour  is  generally  used 
instead  of  Indian  ink,  a  separate  colour  being  used  for  each  seam. 
Faults  and  troubles  should  be  shown  distinctively  coloured. 
When  two  or  more  superimposed  seams  are  worked,  and  require  to  be 
shown  on  the  same  plan,  each  seam  is  coloured  differently,  as  stated 
above,  but  it  is  far  better  to  make  a  separate  plan  for  each  seam 
worked.  In  pillar  and  stall  workings  only  the  road  need  be  coloured, 
while  the  solid  is  being  worked,  but  after  the  pillars  have  been  re- 
moved it  is  usual  to  colour  the  waste  or  exhausted  area  and  show  it 
by  hatched  lines. 

In  longwall  workings  the  waste  only  need  be  coloured  and  the 
roads  left  uncoloured.  Roadways  going  through  solid  coal  are 
generally  shown  by  unbroken  lines,  while  those  going  through  waste, 
as  in  longwall,  are  usually  shown  with  dotted  lines.  The  two 
commonest  colours  used  in  making  plans  are  red  and  blue.  On 
surface  plans  water  is  shown  blue,  roads  *  Burnt  Sienna,'  and  build- 
ings indicated  in  a  wash  of  Indian  ink.  It  is  generally  foimd 
sufficient  to  colour  the  roads,  buildings,  and  water. 

All  colliery  plans  should  be  drawn  on  strong  mounted  paper,  and 
great  care  should  be  taken  that  the  paper  is  thoroughly  seasoned 
before  being  used. 

Underground  Surveying. — For  the  great  majority  of  underground 
surveys  the  instrument  used  is  some  form  of  mining  compass.     In 
cases  where  there  is  no  disturbing  magnetic  influence,  such  as  in  sur- 
veying the  roadway  shown  in 
fig.  494,  the  compass  is  first 
planted  at  B  and  then  care- 
fully   levelled,     the     needle 
being  allowed  to  settle.      A 
lamp  is  now  held  at  A  in  the 
centre  of  the  shaft,  or  on  one 
Fig.  494.  of  the  guides,  and  the  sights 

of  the  compass  rotated  until 
the  hair  cuts  the  light.  The  bearing  is  then  read  off  and  recorded 
in  the  survey  book,  the  measurement  being  taken  at  the  same  time 
by  the  assistants,  and  likewise  recorded  in  the  book.  By  this  time 
a  man  has  gone  forward  to  the  point  C,  and  places  there  a  lamp  on 
the  floor  as  near  to  the  centre  of  the  road  as  possible. 

The  bearing  from  B  to  C  is  now  taken  and  recorded  in  the  same 
way.  The  surveyor  then  lifts  the  compass  and  plants  it  at  D,  and 
takes  the  bearings  D  C  and  D  E  in  the  same  way  as  before.  There 
are  various  ways  of  booking  a  survey  like  this,  two  of  the  commonest 
methods  being  here  shown. 
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First  Method 

r. 

• 

No.  of  Bearing. 

Bearing. 

Distance  Links.                     Remarks. 

(1) 
(2) 
(3) 
(4) 

N.  70  E. 
S.   85  E. 
N.  75  E. 
N.    5E. 

100            From  centre  of  No.  1  Pit 

126 

167 

122 

Second  Metlvod : — With  the  second  method  it  is  desirable  to  make 
a  small  sketch  at  the  same  time  as  the  bearings  are  being  written 
down,   so   as   to    give 
the  surveyor  a  general 
idea  of  the  groimd  he 
is  surveying  (fig.  495). 

This  is  a  very  satis- 
factory and  expeditious 
method  of  surveying, 
provided  the  surveyor 
has  had  sufficient 
practice  to  sketch 
neatly.  There  are  one 
or  two  points  which 
need  to  be  taken  note 

of.  Take  bearing  No.  2,  which  reads  S.  85  E.  A  common  mistake 
among  learners  in  marking  a  bearing  like  this  would  be  to  record 
it  as  N.  85  E.,  and  a  mistake  like  that  is  almost  impossible  to  check 
when  the  survey  comes  to  be  plotted.  Take  now  the  bearing  B  C,  as 
shown  on  fig.  496  ;  whichever  end  of  the  needle  may  be  looked  at 
there  is  only  the  one  figure  which  can  be  read  off,  viz.,  85°,  and  this 
is  accordingly  marked 
in  the  book.  Simi- 
larly the  last  bearing 
might  have  been 
marked  N.  5  W., 
whereas  in  the  other 
case  it  is  simply 
marked  175°,  and  it 
is  hardly  possible  to 
make  a  mistake.  The 
only  mistake  which  is 
liable  to  occur  with 
this  latter  method  is 

that  such  a  bearing  as  D  E  might  have  been  sketched  as  turning  to  the 
right  instead  of  to  the  left.  A  mistake  like  that,  however,  is  easily 
detected  when  plotting,  and  with  a  little  care  underground  in  watch- 
ing the  general  direction  of  the  road,  whether  towards  the  north  or 
towards  the  south,  this  source  of  error  should  be  easily  avoided. 

It  occasionally  happens  that  a  few  bearings  have  to  be  taken  at 
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some  point  where  magnetic  attractions  are  exerted,  and  that  a  free 
vernier  compass  cannot  be  employed  for  the  purpose.  To  do  this  with 
the  loose  needle  the  method  usually  adopted  is  shown  in  fig.  497. 

Planting  the  compass  at  B,  the  bearing  reads  60"  from  B  to  A  and 
90°  from  B  to  C.  Planting  again  at  C,  a  back  sight  is  taken  to  B 
and  reads  83°,  and  a  foresight  to  D  reads  135'.  Similarly  at  D  the 
back  sight  reads  133°  and  the  foresight  70°,  and  at  E  the  back  sight 

is  73°  and  the  fore- 
^'     '    sight  is  92°.     At  E 
there  is  no  iron  to 
attract  the   needle, 

but  as  a  check  back 

Fig.  497.  sights  are  taken  at 

F,  and  as  this  also 
records  92°  it  indicates  that  the  bearing  taken  from  E  is  correct. 
Now  the  bearing  from  E  to  D  is  73°,  and  this  bearing  having  been 
taken  from  a  point  where  there  is  no  attraction  is  boimd  to  be  correct 
When  the  compass  was  at  D  the  bearing  from  D  to  E  read  70°,  there- 
fore the  amount  of  attraction  at  D  is  73  -  70  =  3°,  to  be  added  to  the 
observed  bearing,  so  that  the  bearing  133  taken  from  D  to  C  is  3° 
wrong  and  should  be  136°.  In  the  same  way  at  C  the  correct  bear- 
ing C  to  D  is  136°  and  the  compass  reads  135°, — that  is,  1°  to  be  added 
to  the  compass  bearing,  so  that  the  correct  bearing  C  to  B  is  83  + 1  = 
84°.  Again,  at  B  the  compass  reads  90  from  B  to  C  instead  of  84°,  so 
that  6°  must  be  deducted  this  time  from  all  bearings  taken  at  the 
point  B,  and  the  correct  bearing  from  B  to  A  becomes  54°. 
The  survey  woidd  now  be  plotted  : 

A  to  B  54^  B  to  C  84°,  C  to  D  136°,  D  to  E  73%  and  E  to  F  92*. 

The  student  should  never  think  of  seeking  the  average  bearing  of 
the  back  and  foresights  in  a  survey  of  this  kind,  as  such  a  method 
woidd  be  quite  incorrect,  and  a  careful  surveyor  would  endeavour  to 
secure  a  sight  free  from  magnetic  disturbance  at  each  end  of  the  survey, 
80  that  the  one  may  be  checked  by  the  other. 

The  Fixed  Needle  or  Vernier  Compass.— -This  instrument  may 
be  used  in  two  ways  imderground.  The  first  method  is  by  taking 
the  angles  between  each  two  bearing  lines  by  placing  the  vernier  at 
zero  at  every  station,  as  is  sometimes  done  with  the  theodolite  when 
taking  a  surface  survey.  This  method  of  surveying  is,  in  the  writer's 
opinion,  quite  unsuitable  for  general  underground  work,  and  will  not 
be  further  described. 

The  second  method  is  to  take  the  bearings  and  book  them  precisely 
the  same  as  if  they  were  loose  needle  bearings. 

Let  fig.  498  represent  a  working  which  is  to  be  surveyed  with  the 
vernier  along  the  road  from  A  to  F,  which  is  laid  with  steel  rails. 
Suppose  that  at  B^  there  is  an  old  roadway  without  rails,  and  where 
the  compass  can  be  planted  at  a  sufficient  distance  back  from  the 
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main  road  to  avoid  disturbing  influences.  The  first  operation  is  to 
set  up  the  compass  at  B^.  Fix  the  arrow  on  the  vernier  plate 
opposite  zero,  then  unclamp  the  needle,  and  after  allowing  it  to 
settle  turn  the  dial  round  until  the  needle  also  points  to  zero.  The 
clamp  screws  are  then 
tightened  to  secure 
the  compass  to  the 
tripod  and  the  clamp- 
ing screw  of  the 
vernier  slackened. 
If  the  dial  is  now 
turned  round,  the 
arrow  on  the  vernier 

plate  still  remains  pointing  to  the  north,  as  it  will  be  moving 
along  with  the  north  end  of  the  needle.  The  sights  are  now 
turned  to  cut  the  light  held  at  B  and  the  vernier  screw  is  then 
tightened  up.  Before  lifting  the  compass  a  lamp  is  placed  verti- 
cally below  the  centre,  and  for  this  purpose  a  brass  plumb  line 
with  a  thin  flexible  cord  is  used.  The  instrument  is  now  lifted 
and  planted  exactly  above  the  lamp  at  B,  and  carefully  levelled. 
The  lower  screws  of  the  tripod  are  loosened  and  the  compass  turned 
to  sight  back  to  the  lamp  at  B^.  When  this  has  been  done  the 
lower  screws  are  again  tightened  up.  It  is  evident  now  that 
the  compass,  as  planted  at  B,  is  lying  in  exactly  the  same  line  as 
it  was  when  placed  at  B^  and  the  arrow  on  the  vernier  plate  still 
points  to  north.  The  vernier  clamp  screw  is  now  slackened  and  the 
bearing  B  to  A  taken  and  recorded  in  the  survey  book.  The  bear- 
ing B  to  C  is  also  taken,  and  while  looking  through  the  compass  to  C 
the  vernier  clamp  screw  is  tightened.  The  compass  is  again  lifted 
forward  to  C,  and  before  the  vernier  is  slackened  the  back  sight 
towards  B  is  taken,  so  that  the  vernier  still  remains  pointing  to  the 
north.  The  bearing  C  D  is  now  taken.  In  the  same  way  the  bearings 
D  E  and  E  F  are  also  taken.  Suppose  F  is  at  the  coal  face,  and  that 
it  is  possible  to  obtain  a  clear  bearing  at  that  point.  The  vernier  may 
now  be  checked  to  see  if  it  still  corresponds  with  the  needle.  If  it 
does  the  survey  may  be  taken  as  correct,  but  the  student  will  very 
often  find  that  his  work  has  not  been  done  with  sufficient  accuracy, 
and  that  the  needle  does  not  coincide  with  the  vernier.  If  the  work 
is  important  a  new  survey  must  be  made,  but  in  many  cases  it  will 
be  sufficient  to  make  an  allowance  for  the  error  when  plotting  the 
survey.  For  instance,  if  the  last  bearing  E  F  in  fig.  498  is  1°  wrong, 
then  this  error  may  be  divided  among  the  total  number  of  bearings 
(which  in  this  case  is  five),  so  that  1 2  minutes  would  require  to  be 
added  or  deducted,  as  the  case  may  be,  in  each  case.  It  is  not  always 
possible  to  get  a  clear  bearing  at  the  commencement  of  the  survey. 
In  such  a  case  the  survey  may  be  taken  from  the  face  outwards,  or 
if  that  is  not  convenient  then  a  start  may  be  made  at  the  pit 
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Fig.  499. 


bottom  the  vernier  being  put  at  the  incorrect  north  indicated  by  the 
magnetic  needle,  and  the  survey  made  inwards  in  the  usual  way  until 
a  clear  bearing  can  be  obtained.  If  at  this  point  the  needle  is,  say, 
5**  different  from  the  vernier,  then  this  difference  must  be  allowed  on 

each  bearing  up  to  the  point  where 
the  clear  bearing  was  obtained.  The 
vernier  is  then  adjusted  to  coincide 
with  the  magnetic  needle,  and  the 
survey  proceeds  as  before.  When 
a  side  road,  off  the  main  road,  has 
to  be  surveyed  with  the  vernier  it 
is  necessary  to  leave  in  two  marks 
on  the  main  line  of  survey.  Suppose 
at  B,  on  fig.  499,  the  road  BDEF 
has  to  be  surveyed.  The  bearing 
A  B  is  taken  and  a  mark  left  at 
A,  the  bearing  BD  is  also  taken 
and  a  lamp  planted  below  the  com- 
pass at  B.  The  instrument  is  now 
shifted  forward  to  D,  a  back  sight 
taken,  and  the  position  of  the  lamp 
at  B  is  now  carefully  marked  and 
the  bearing  DE  taken,  and  so  on,  till  F  is  reached.  The  com- 
pass is  now  brought  back  and  carefully  plumbed  over  the  mark 
left  at  B  and  the  vernier  fixed  at  the  bearing  AB,  as  before 
obtained.  The  back  sight  is  now  taken  to  A,  the  vernier  undamped 
and  the  foresight  taken  to  C,  the  survey  proceeding  in  the  usual 
way.  To  insure  accuracy  when  working  with  the  vernier  a  good 
plan  is  to  use  two  tripods.  The  spare  tripod  is  planted  at  the 
point  where  the  foresight  is  to  be  taken,  and  a  lamp  is  held  exactly 
at  the  centre.  After  taking  the  sight  the  compass  is  lifted  off  its 
tripod  and  carried  forward  and  placed  on  the  spare  tripod,  and  the 
back  sight  taken  to  a  light  held  exactly  at  the  centre  of  the  last 
tripod.  The  surveyor  has  then  to  wait  until  this  tripod  is  brought 
forward  and  planted  in  the  position  for  the  front  sight.  The  learner 
working  with  the  vernier  often  makes  mistakes  by  slackening  the 
wrong  screws,  with  the  result  that  the  whole  work  has  to  be  done 
over  again.  Assistants,  too,  often  lift  the  lamp  from  the  back  sight 
point  before  it  has  been  looked  at,  with  the  result  that  the  base  line 
for  the  forward  sight  is  destroyed,  and  part  of  the  work  has  to  be 
repeated.     These  mistakes  should  be  carefully  avoided. 

Measurements, — In  surveying,  lengths  are  usually  measured  by  the 
imperial  chain,  which  consists  of  100  links,  each  link  being  7*92 
in.  long,  and  therefore  its  total  length  is  66  ft.  By  adopting  this 
unit  of  length,  the  chain  is  made  to  bear  certain  ratios  to  other 
standard  measurements ;  for  instance,  \  chain  is  equal  to  1  pole,  and 
1  mile  equals  80  chains,  and  10  chains  =  1  furlong.     Again,  1  acre=a 
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4840  sq.  yds.,  and  22^  =  484  yds.  =  1  sq.  chain,  therefore  we  have 
10  sq.  chains  in  1  acre,  and  as  10  sq.  chains  are  equal  to  10000 
sq.  links,  100,000  sq.  links  are  equal  to  1  acre. 

Measurements  are  also  made  by  chains  100  ft.  in  length;  these 
chains  are  largely  used  in  civil  engineering  work,  and  also  in  metal 
mining  districts.  By  using  such  a  length  of  chain,  measurements 
can  be  made  much  more  rapidly,  and  are  easier  dealt  with  for  surface 
surveys.  The  imit  of  measurement  in  ore  mines  is  usually  the 
imperial  chain,  but  very  often  the  unit  is  1  fathom  and  a  chain  used 
10  fathoms  long.  On  the  Continent  the  imit  is  1  metre,  which  is 
equal  to  39-37  in. 

The  best  chains  are  made  of  the  finest  mild  steel,  as  with  this 
material  they  can  be  made  light,  and  less  easily  bend. 

There  are  many  sources  of  inaccuracy  which  arise  from  using  the 
chain,  and  great  care  has  to  be  taken  to  avoid  them.  The  chain 
should  be  frequently  checked  by  some  standard  mark,  as  it  is  very 
liable  to  become  stretched,  or  some  of  the  links  may  be  bent  when 
it  becomes  too  short. 

In  most  large  towns  standard  measurements  are  marked  with  brass 
plates  on  some  public  building.  The  chain  should  be  checked  at  one 
of  those  standarid  marks,  and  similar  permanent  marks  should  be  laid 
out  at  the  colliery,  so  that  the  chain  may  be  checked  at  any  time 
and  always  kept  correct. 

Care  miist  also  be  taken  when  measuring  that  none  of  the  links 
are  interlocked,  as  this  would  also  cause  considerable  error. 

Another  method  of  measuring  is  by  means  of  steel  tapes.  These 
tapes  are  largely  used  in  some  American  mines.  In  Pennsylvania, 
tapes  300  to  600  ft.  long  are  employed.  Measurements  taken  in 
this  way  are  likely  to  be  more  accurate  than  with  a  chain,  but  steel 
tapes  must  not  be  allowed  to  kink,  as  they  are  then  very  apt  to 
break.  The  difficulty  connected  with  tapes  is  the  reading  of  them 
in  muddy  and  wet  mines,  where  they  get  rusted.  To  obviate  this, 
small  bits  of  brass  wire,  with  a  certain  number  of  nicks  or  cuts  in 
them,  are  soldered  on  at  regular  distances  apart. 

For  very  correct  measurements,  surveyor's  rods  are  used;  these 
are  made  of  lancewood,  in  pieces  about  5*  ft.  long,  joined  together  by 
a  *  scarf '  joint.  They  are  often  used  to  check  the  length  of  the  other 
measuring  instruments,  and  are  also  useful  for  marking  out  a  stan- 
dard chain.  Glass  rods  have  also  been  used  on  important  govern- 
ment surveys. 

Measuring  on  the  Slope, — In  chain  work  on  the  slope,  corrections 
must  be  made  to  get  the  proper  horizontal  measurement.  There  are 
several  methods  of  doing  this,  such  as:  (1)  by  ascertaining  the 
angle  of  inclination;  (2)  measuring  along  the  slope  and  making 
deduction  from  every  measurement;  (3)  by  *  stepping'  the  chain. 
When  incline  measurements  are  require!  to  be  accurately  made,  the 
angle  of  inclination  is  ascertained  by  a  clinometer  or  similar  instrument, 
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and  the  actual  horizontal  measurements  can  be  ascertained  by  calcu- 
lation from  tables  compiled  for  the  purpose.  Many  mining  compasses 
are  fitted  with  an  external  arc  for  taking  the  angles  of  inclination 
simultaneously  with  the  horizontal  angles. 

The  method  that  is  most  largely  adopted  by  surveyors  is  to 
measure  along  the  slope  and  make  deductions  for  each  length,  ac- 
cording to  the  inclination,  the  amount  of  deduction  necessary  being 
derived  from  the  tables.  In  the  absence  of  these,  the  following 
approximate  method  may  be  employed. 

Example, — A  seam  dips  1  in  8 ;  find  the  horizontal  lengths  corre- 
sponding to  the  following  measurements,  360,  470,  832. 


If  L  is  tbe  horizontal  len;;th  required,  D  the  measured  distance  on  the  slope, 
and  (^  the  dip,  L  =  /y/D2-^5y 

.-.(1)  L=  V1296Q0-2025  =357; 

(2)  L=  V220900-3i?6r  =  465  ;  and 

(3)  L=V692224- 10816  =  825. 

In  the  above  examples  decimal  fractions  have  been  disregarded, 
although  in  practice  they  must  be  considered,  or  the  result  may  lead 
to  error  when  considerable  distances  are  involved. 

Stepping  tJie  Chain, — This  is  a  method  sometimes  adopted  to 
ascertain  the  horizontal  measurement  on  inclined  workings,  and  is 
very  expeditious,  but  only  approximate  results  can  be  obtained,  and 
the  method  should  not  be  adopted  on  gradients  of  more  than  5° ; 
when  the  inclination  is  greater  it  is  too  inaccurate. 

The  method  of  *  stepping  *  the  chain  will  be  understood  from  fig. 
501.     The  chain  should  be  taken  in  not  more  than  half  lengths  or 

quarter  lengths,  and  stretched  out  firmly 
to  A,  say,  and  a  cord  and  plumb-bob 
dropped  vertically  to  B,  the  distance 
OA  being  then  carefully  measured. 
The  same  process  is  repeated  at  C  and 
E,  the  distance  B  C  and  D  E  being 
found  in  the  same  way.  The  vertical 
distances  AB,  CD,  EF  need  not  be 
measured,  unless  they  are  wanted  as  a 
check  on  the  work. 

Plotting  the  Survey.^-The  lines  and 
angles  of  a  survey  are  usually  represented  on  paper  on  a  very  small 
scale  compared  to  the  original  lengths  and  angles.     The  process  of 


Fig.  501. 
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putting  these  lines  and  angles  on  a  plan  is  termed  plotting.  The 
plotting  of  surveys  may  be  divided  into  three  different  methods, 
viz.,  by  means  of  protractors,  by  rectangular  co-ordinates,  and  by 
chords.  The  first  method  is  the  one  most  largely  used  for  colliery 
work,  and  can  be  done  very  accurately  with  a  good  protractor. 

Protractors, — There  are  various  kinds  of  protractors  used  for 
this  purpose,  the  commonest  sort  being  a  half  circle  with  or  without 
a  movable  arm.*  They  may  be  made  of  brass,  ivory,  celluloid,  or 
white  metal.  The  semicircle  is  divided  from  0*  to  180**  in  opposite 
directions.  To  plot  the  survey  the  straight  side  of  the  protractor  is 
laid  along  an  assumed  meridian  line  (fig.  502),  and  the  bearings 
pricked  off  by  making  a  mark  with  a  fine  pencil  or  needle  at  the 
desired  angle  and  numbering  the  bearings  as  they  are  taken  off.  All 
bearings  say  to  south-east  and  north-east  will  be  first  taken  off  and 
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C 
Fig.  502. 


numbered ;  the  protractor  will  then  be  reversed  and  all  the  bearings 
to  south-west  and  north-west  pricked  off  and  likewise  numbered.  In 
laying  the  protractor  on  the  meridian  line  its  centre  should  be  placed 
on  some  fixed  point,  such  as  the  intersection  of  a  line  drawn  at  right 
angles  to  the  meridian  line,  which  would,  of  course,  represent  an 
east  and  west  line.  The  first  line  may  then  be  taken  from  this 
centre  point  to  the  first  bearing  and  the  distance  marked  off,  or  it  is 
sometimes  more  convenient  to  parallel  the  line  to  a  different  part  of 
the  paper,  clear  of  the  bearings  altogether.  For  this  purpose  two 
set-squares  or  a  parallel  ruler  may  be  used,  but  the  latter  should  not 
be  used  unless  it  is  of  fair  size  and  provided  with  rollers.  The  dis- 
advantage of  this  method  of  plotting  is  that  the  plan  gets  spoiled  by 
the  large  number  of  pencil  or  needle  marks  that  would  be  required. 
For  office  work  the  semicircular  protractor  is  often  provided  with  a 
movable  arm  and  a  small  vernier,  which  enables  it  to  be  used  with 

*  The  protractor  showu  in  the  figure  is  made  of  boxwood.     A  more  reliable 
instrument  is  a  semicircular  protractor  made  of  horn. 
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great  ac5curacy.  A  long  steel  *  straight-edge  *  is  laid  along  the 
meridian  line,  and  the  protractor  is  fitted  on  to  this  with  its  straight 
side  against  the  straight-edge.  The  bearings  and  lines  can  then  be 
taken  off  rapidly  and  accurately  by  means  of  the  movable  arm,  and 
without  requiring  to  prick  them  off  or  mark  them  on  the  plan. 

The  circular  protractor  divided  to  the  full  circle  is  more  accurate 
and  convenient  for  plotting  a  survey.  It  may  be  used  in  much  the 
same  way  as  the  semicircle.  When  provided  with  a  swinging  arm 
the  bearings  can  be  taken  off  very  rapidly  and  accurately.  Another 
method  of  plotting  is  to  use  a  large  cardboard  protractor  and  parallel 
ruler.  This  cardboard  protractor  is  usually  12  to  18  in.  square  and 
divided  from  0**  to  360**,  numbered  in  opposite  directions.  The  centre 
portion  of  the  cardboard  is  cut  out,  and  the  north  and  south  line 
made  to  coincide  with  the  plan  meridian.  The  parallel  ruler  is 
placed  on  the  required  bearing  and  transferred  direct  to  the  plan. 
This  saves  much  time  and  keeps  the  plan  free  of  pencil  marks,  which 
are  necessary  with  the  ordinary  circular  protractor.  The  bearings 
can  be  taken  very  accurately,  owing  to  the  large  diameter  of  the  pro- 
tractor. In  the  making  of  the  Government  Ordnance  Survey  Plans 
such  protractors  are  always  used. 

In  Scotland  a  method  of  plotting,  which  can  be  very  rapidly  and 
accurately  done  by  what  is  known  as  a  *  table '  protractor,  is  largely 
used  in  mining  engineera'  offices.  This  protractor  consists  of  a  large 
circle  2  ft.  in  diameter.  This  circle  is  fitted  into  a  square  wooden 
frame  or  table  a,  in  which  it  revolves  on  a  central  axis  h.  On  the 
inside  revolving  circle  is  fixed  a  circular  sheet  of  paper  or  scroll  plan, 
with  the  working  meridian  on  it ;  this  line  is  made  to  coincide  with 
the  north  and  south  line  on  the  protractor.  A  small  brass  plate  c, 
with  an  arrow  engraved  on  it,  is  fixed  to  the  square  frame,  and  the 
bearing  required  is  made  to  coincide  with  this  arrow,  the  line  being 
transferred  on  to  the  paper  direct  by  the  aid  of  a  T-square  laid  across 
the  protractor.  The  construction  and  method  of  using  this  pro- 
tractor will  be  understood  from  the  illustration  in  fig.  503. 

The  bearings,  after  being  plotted  on  these  scroll  plans,  are  trans- 
ferred to  the  large  colliery  plans  by  tracing  paper.  A  large  amount 
of  work  can  be  done  ver/ rapidly  by  this  method,  and  the  large  size 
of  the  protractor  insures  its  accuracy. 

Plotting  by  Co-ordinates, — Where  surveys  have  to  be  plotted  with 
great  accuracy,  the  method  of  using  rectangular  co-ordinates  is  to  be 
preferred  to  any  other.  *  It  consists  in  assuming  two  fixed  axes 
crossing  at  right  angles  to  each  other  at  a  fixed  point  or  origin,  and  in 
calculating  the  perpendicular  distances,  or  coordinates,  of  each  station 
from  these  axes.  If  the  true  meridian  has  been  ascertained,  it  may 
be  made  to  represent  one  of  the  axes.  In  fig.  504,  which  illustrates 
this  method  of  plotting,  the  north  and  south  line,  and  east  and  west 
drawn  at  right  angles  have  been  taken  to  represent  the  required  axes. 
*  A  Treatise  on  Mine  Surveying^  by  Bennett  H.  Brough,  pp.  140-143. 
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Now  every  line  that  is  taken  in  a  survey  will  depart  from  the  north 
and  south  line  by  a  definite  amount,  according  to  its  angle  and  dis- 
tance, and  similarly  it  will  also  depart  a  certain  amount  from  the 
east  and  west  line.  The  distance  that  the  line  departs  from  the 
north  and  south  line  is  termed  its  latitude,  and  the  distance  that  it 
departs  from  the  east  and  west  line  is  termed  its  departure.  The 
latitude  of  a  point  may  be  defined  as  its  distances  due  north  or  south 
of  some  fixed  point.  The  distance  that  one  end  of  a  line  is  due  north 
or  south  of  the  other  end  is  called  the  diflFerence  of  latitude  of  the 


Section  Vma^AB 


Fm.  503. 

ends  of  the  line,  and  similarly  the  distance  which  one  end  of  a  line 
is  east  or  west  of  the  other  end  is  called  the  difference  of  longitude 
•of  the  ends  of  the  line  or  the  departure. 

The  latitude  =  distance  x  cosine  of  bearing. 
„  departure  =  distance  x  sine  of  bearing. 


To  obviate  the  tedious  process  of  calculating  each  bearing,  the 
latitudes  and  departures  may  be  taken  from  a  book  of  traverse  tables. 
The  best  book  of  tables  for  this  purpose  is  that  by  R.  Lloyd  Gurden, 
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in  which  the  tables  are  computed  for  every  minute  of  angle, 
data  for  the  survey  plotted  in  fig.  504  were  as  follows : 


The 


Bearing.        Distance. 


Latitude. 


Departure. 


Links. 

N+ 

S- 

E  + 

W- 

N.  10''  E. 

100 

98-5 

17-4 

N.  IT  E. 

130 

29-2 

126-7 

S.    67'' E. 

134 

... 

52*-4 

123-3 

... 

S.    63°  E. 

136 

... 

81-8 

108-6 

S.   20'' W. 

42 

... 

39-5 

1*4 '-4 

S.    29'*  E. 

132 

... 

116-4 

64*'0 

S.   42"  W. 

86 

... 

63-9 

67 '-5 

S.    89"  W. 

78 

1-4 

78-0 

N.  70"  W. 

110 

37*6 

103-4 

N.  65"  W. 

106 

44-8 

96-1 

N.  85"  W. 

47 

4-1 

... 

46-8 

N.  66"  W. 

120 

48-8 

... 

... 

109-6 

N.  53" E. 

113 

91-4 

... 

66*8 

... 

Before  these  co-ordinates  can  be  used  for  plotting,  they  must  be 
reduced  to  total  latitudes  and  departures.  To  effect  this  the  north- 
ings and  eastings  are  regarded  as  positive  quantities,  while  the  south- 
ings and  westings  are  regarded  as  negative  quantities,  and  the  reduc- 
tions are  then  computed  by  taking  the  algebraical  sum  at  each 
station,  which  from  the  above  data  would  be  as  follows : 


No. 

Total  Latitude. 

Total  Departure 

(1) 

+  98-5 

+  17-4 

(2) 

+  127-7 

+  144-1 

(3) 

+  76-3 

+  267-4 

(4) 

-     6-6 

+  376-0 

(6) 

-  46-0 

+  361-6 

(6) 

-161-4 

+  425-6 

(7) 

-225-3 

+  368-1 

(8) 

-226-7 

+  290-1 

(9) 

-189-1 

+  1867 

(10) 

-144-3 

+  90-6 

(11) 

-140-2 

+  43-8 

(12) 

-  91-4 

-  65-8 

(13) 

00-0 

00-0 

To  plot  from  this  table,  draw  a  north  and  south  line,  and  an  east 
and  west  line,  making  the  junction  of  these  two  lines  the  starting 
point  for  the  first  station.  From  this  point  (A,  fig.  504)  take  line  No. 
1  and  measure  off  98*5  northwards  and  17*4  eastwards,  making  a 
mark  at  the  end  of  these  distances.  From  the  end  of  distance  98*5 
draw  a  line  at  right  angles  to  north  and  south,  and  from  the  end  of 
distance  17*4  draw  another  line  at  right  angles  to  east  and  west,  con- 
tinuing this  line  till  it  meets  the  line  drawn  at  right  angles  to  north 
and  south.  Join  the  meeting  point  of  these  two  lines  to  the  point 
A,  and  this  will  give  the  first  line  of  the  survey.  The  same  proce- 
dure is  followed  in  regard  to  the  other  lines,  measuring  off  all  the 
positive  latitudes  to  the  north  and  negative  latitudes  to  the  south, 
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while  the  positive  departures  go  to  the  east  and  negative  departures 
to  the  west.  The  student  will  understand  this  method  more  fully  if 
he  plots  down  the  above  survey  once  or  twice,  and  works  out  the 
numbers  for  himself.     If  care  be  taken  when  getting  out  the  ordi- 


JFest. 


East, 


South. 

Fig.  604. — Plotting  by  Co-ordinates. 

nates,  this  method  of  plotting  insures  great  accuracy,  and  is  specially 
useful  for  important  surface  or  other  surveys. 

Plotting  by  Chords, — A   tied   survey  may  be  plotted   from   one 
meridian,  without  the  aid  of  a  protractor,  by  using  a  table  of  chords. 


No. 


Bearing, 


Chords,  Radius =1000.     Distance. 


(1) 

N.  10°  E. 

174 

100 

(2) 

N.  77°  E. 

1245 

130 

(3) 

S.  67°  E. 

1103 

134 

(4) 

S.  53°  E. 

892 

136 

(5) 

S.  20°  W. 

347 

42 

(6) 

S.  29°  E. 

500 

132 

(7) 

S.  42°  W. 

716 

86 

(8) 

S.  89°  W. 

1401 

78 

(9) 

N.  70°  W. 

1147 

110 

(10) 

N.  65°  W. 

1074 

106 

(11) 

N.  85°  W. 

1351 

47 

(12) 

N.  66°  W. 

1089 

120 

(13) 

N.  64°  E. 

892 

113 
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In  the  survey  already  shown  plotted  by  co-ordinates,  using  the  same 
data,  and  from  the  table  of  chords  given,  we  would  have  to  draw  a 
circle  on  the  paper,  with  a  radius  preferably  of  10  in.,  and  through 
the  centre  of  the  circle  draw  a  north  and  South  line  and  an  east  and 
west  line.  With  a  pair  of  dividers  and  a  scale,  lay  off  the  chords 
along  the  circumference  of  the  circle  according  to  the  direction  of  the 
bearing.     The  chords  being  taken  from  a  radius  of  1000  would  have 

to  be  reduced  by  two 
decimal  places  to  plot 
with  a  circle  whose 
radius  is  10,  thus  the 
first  chord  would  be 
1-74,  the  second  12-45, 
and  so  on.  When 
the  chords  are  all 
measured  off,  the  rest 
of  the  work  is  per- 
formed in  the  same 
way  as  when  a  circular 
protractor  has  been 
used.  This  method 
of  plotting  is  not  to 
be  recommended  for 
colliery  surveying,  as 
drawing  circles  repeatedly  on  the  plan  and  pricking  off  the  chords 
would  soon  break  the  surface  of  the  paper  and  spoil  it. 

Calculation  of  Areas, — The  three  principal  methods  of  calculating 
plan  areas  are  :  (1)  by  dividing  the  total  area  into  triangles  or 
squares;  (2)  calculating  the  area  by  means  of  ordinates;  (3)  by 
mechanical  methods,  such  as  measuring  instruments.  The  areas  of 
coalfields  are  nearly  all  calculated  in  acres,  roods,  and  poles.  The 
statute  acre  is  equal  to  10  sq,  chains  or  100,000  sq.  links. 

Calculation  by  Triangles. — The  plan  area  may  be  divided  into  a 
number  of  triangles,  either  right  angled  or  otherwise.  If  the  tri- 
angles are  right  angled  ones  the  calculations  are  much  simplified. 
When  the  triangle  possesses  a  right  angle  (fig.  506)  the  area 

.     base  X  no 

If  none  of  the  angles  are  right  angles,  as  in  fig.  507,  then  an  angle 
of  90*  may  be  constructed  by  dropping  a  perpendicular  pp  from 
any  apex  on  to  the  opposite  side,  and  the  area  of  the  two  triangles 
thus  constructed  may  then  be  found  separately.  Or  if  we  have 
two  sides  and  know  the  included  angle,  as  in  fig.  508, 


505.- Plotting  by  Chords. 


then  the  area  A= 


a5xsin  X 
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When  none  of  the  angles  are  known  the  following  formula  is  used 
for  calculating  the  area, 


A^  v'S(5-a)(5-6)(s-c) 


where  S  is  the  semi-perimeter  or  half  the   sum  of  the  sides.      If 
logarithms  are  used,  the  formula  becomes 

Log  A  =  .1  { log  5  +  log(s  -  a)  +  log(s  -b)-\-  \og(s  -  c) } 


Fxo.  507. 


In  the  above  triangle,  if  the  respective  sides  a,  &,  and  c  are  1200, 
1100,  and  1000  links,  find  the  area  in  acres,  roods,  and  poles. 


HereS  =  l?20±1100+iOOO^jg5^ 


.-.  A=  x/l650{(1650  - 1200)(1650 - 1100){1650  - 1000)} 
=  ^1650  X  450  X  550  x  650 


:=  V265443750000 

=     515309 '37  sq.  links. 
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To  reduce  this  to  acres,  roods,  and  poles,  count  off  five  decimal 
places  thus : — 


5-15309 
4 

0-61236 
40 

24-49440 


'.  Area  =  5  acres,  0  roods,  24*49  poles. 


Or  by  logarithms 
Log  A  =  i {log  1650  +  log(1650  - 1200) + log(1650  - 1100) + log(1650  - 1000)} 
=  4{3*2174  +  2-6532  +  2-7403  +  2-8129} 
and  Log  A =5-7119,  and  A  =  515310*00  sq.  links. 

Calculation  by  Ordinates. — When  the  area  to  be  calculated  has  an 
uneven  outline,  and  is  not  of  too  great  extent,  the  method  of  ordi- 
nates may  be  used.  It  consists  in  running  a  chain  line  or  axis  through 
the  greatest  length  of  the  area  to  be  calculated,  and  taking  offsets 
at  right  angles  to  the  chain  line.  The  offsets  should  be  taken  suffi- 
ciently close  so  as  to  make  each  figure  approximately  a  trapezoid, 
therefore  the  more  offsets  are  taken  the  more  accurate  will  the 
calculation  become. 

An   example   will  show  more  clearly  this  method   of  calculating 


B 

150 

1550 

0 

182 

1300 

1248 

175 

... 

1159 

55 

... 

980 

183 

280 

865 

202 

393 

92 

150 

75 

145 

45 

0 

b 

Fig.  510. 


From  the  above  data  an  irregular  field  was  surveyed  by  running  a 
chain  line  through  it  from  A  to  B,  and  taking  offsets  right  and  left. 
By  referring  to  fig.  510  it  will  be  seen  that  the  first  offset  on  the 
left  hand  b  is  o,  and  the  next  b^,  45  links  along  the  chain  line  is  145, 
so  that  if  we  call  the  distance  between  the  two  offsets  d,  the  area  of 

this  trapezoid  =  (i  (         M  =  45  I — ^ — j  =  3262  5  sq.  links,  and  so 

on  with  the  others,  taking  b^  and  63  for  the  next  trapezoid.  We  may 
avoid  the  division  by  2  for  each  trapezoid,  by  dividing  the  total  sum 
of  all  the  trapezoids  at  the  end.     Taking  the  offsets  on  the  left  hand 
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side  first  from  A  to  B  and  the  right  hand  from  B  to  A,  we  get  the 
following : — 

(1)  45  (     0  +  145)=     6525 

(2)  348  (145 +  202)  =  120756 

(3)  472  (202  +  280)  =  227504 

(4)  435  (280 +  182)  =  200970 
(6)250(182  +  150)=  83000 
(6)302(  0  +  175)=  52850 
(7)  89(175+  55)=  20470 
(8)179(  55  +  183)=  42602 
(9)587(183+  92)  =  161425 

(10)  243  (  92+  75)=  40581 

(11)  150  (  75+     0)=  11250 

967933  +  2  =  483966-5  sq.  links. 
The  area  would  therefore  be  4  acres,  3  roods,  14*34  poles. 

If  the  area  to  be  calculated  is  large  this  process  would  be  tedious, 
and  areas  with  curved  outlines  can  often  be  calculated  with  sufficient 
accuracy  by  the  process  of  equalising  or  giving  and  talcing ;  i.e,  to 
draw  a  straight  line  through  the  curved  boundary,  leaving  as  much 
space  outside  the  straight  line  as  there  is  inside  it.  The  whole  area 
is  then  divided  into  triangles  and  calculated  as  already  shown. 

Calculation  by  Instruments, — This  method  is  now  much  resorted  to 
in  mining  engineers'  offices  for  calculation  of  plan  areas.  The  instru- 
ment for  measuring  such  areas  is  called  a  planimeter,  and  for  a  full 
description  of  these  the  reader  is  referred  to  Brough's  Mine  Surveying^ 
pp.  159,  160. 

Levelling, — In  connection  with  colliery  operations  a  good  deal  of 
levelling  is  often  required,  both  on  the  surface  and  imderground. 
Levelling  is  defined  as  "  the  art  of  finding  the  difference  between  two 
points  which  are  vertically  at  different  distances  from  a  plane  parallel 
with  the  horizon." 

To  find  the  difi^erence  of  level  between  any  number  of  points  three 
methods  maybe  adduced: — (1)  Trigonometrical ;  (2)  physical;  and 
(3)  geometrical. 

In  trigonometrical  levelling  the  lengths  and  angles  have  to  be 
measured,  this  being  usually  accomplished  by  a  theodolite,  but  it  is  a 
method  not  often  resorted  to,  except  under  exceptional  circumstances, 
such  as  when  ascertaining  inaccessible  points  on  steep  moimtain  sides. 

Physical  levelling  is  based  on  the  change  of  atmospheric  pressure  at 
different  altitudes  from  the  centre  of  the  earth,  and  is  found  by  means 
of  the  aneroid  barometer,  which,  as  is  well  known,  records  the  vary- 
ing atmospheric  pressure  at  different  heights.  With  ah  ordinary 
barometer  the  mercury  column  falls  on  ascending  hills  on  an  average 
about  1  in.  for  every  900  ft.  of  ascent.  This  method  is  never  prac- 
tised for  ordipary  levelling,  but  it  is  exceedingly  useful  and  much  used 
by  surveyors  for  ascertaining  great  altitudes  where  ordinary  levelling 
would  be  impossible,  or  in  making  rough  preliminary  surveys  in  new 
and  strange  lands. 
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Geometrical  levelling  is  the  method  most  commonly  employed  by 
Burvejoi-s,  and  can  be  carried  out  with  the  different  levelling  instru- 
„       f^       a  mcnts    in    use,    or   by  the    ordinary 

'spirit  level,'  which  forms  a  part  of 
all  such  instruments. 

The  .instrument  most  largely  used 
in  Great  Britain  is  that  known  as  the 
*  Dumpy  Level'  Fig.  511  shows  the 
construction  of  this  instrument.  *A 
is  the  spirit  level  attached  by  screws 
at  a  a  to  the  telescope  BC.  The 
small  circle  near  the  object  end  B  of 
the  telescope  represents  a  small  trans- 
verse spirit  level  used  to  show  whether 
the  cross  wire  of  the  telescope  is  truly 
horizontal.  D  D  is  a  flat  bar  or  oblong 
plate  fixed  on  the  top  of  the  verticfd 
Fig.  511.  axis  E.     To  ihis  bar  the  telescope  is 

attached  by  adjusting  screws  d  d. 
The  hollow  vertical  axis  turns  upon  a  spindle  fixed  to  the  upp6r 
parallel  plate  F,  the  spindle  being  continued  downwards,  and  being 
attached  to  the  lower  parallel  plate  G  by  a  ball  and  socket  joint. 
There  are  four  levelling  screws  /,  by  which  the  vertical  axis  is  set 
truly  vertical.  The  lower  plate  is  screwed  on  the  tripod  head  H. 
The  tripod  consists  of  three  wooden  legs  similar  to  those  on  a 
theodolite.  In  some  instruments  a  compass  is  carried  on 
the  top  of  the  plate  d  d  for  taking  the  bearings  of  lines 
of  trial  sections.  The  telescope  is  similar  to  that  of 
the  theodolite,  except  that  the  diaphragm  contains  one 
horizontal  wire  and  two  parallel  vertical  wires,  as  shown 
Fig.  512.  in  fig.  512.  It  is  usually  9  to  14  in.  in  length,  the  lines 
within  the  telescope  being  filaments  of  spider's  web. 
AdJTisting  the  Level. — Before  proceeding  to  level  a  section  of  ground 
the  temporary  adjustments  of  the  instrument  will  have  to  be 
attended  to  each  time  the  level  is  set  up  in  a  new  position.  The  legs 
of  the  instrument  should  be  firmly  planted  in  the  ground,  and  the 
parallel  plates  made  as  horizontal  as  possible.  The  levelling  of  the 
instrument  is  accom;>lished  by  placing  the  telescope  with  spirit  level 
over  one  pair  of  the  levelling  screws,  and  adjusting  the  screws  by 
turning  both  in  the  one  direction  either  inwards  or  outwards  with 
the  thumb  and  forefinger,  till- the  bubble  in  the  spirit  level  is  brought 
exactly  to  the  centre;  the  telescope  is  now  turned  horizontally 
through  an  angle  of  180'  and  put  over  the  other  pair  of  screws, 
and  the  spirit  level  adjusted  as  before.  This  may  have  to  be 
repeated  three  or  four  times  until  the  bubble  in  the  spirit  level 
rests  exactly  in  the  centre  with  the.  telescope  turned  into  any  posi- 
*  Treatise  on  Mine  Sv/rveyi7ig^  p.  165. 
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tion.     Fig.  513  shows  the   positions  of  the   telescope  during  the 
adjusting  process.     Great  care  is  required  in  levelling  the  instrument 
properly,  and  the  operation  should  not  be  carried  out  too  rapidly. 
The  next  operation  is  to  adjust  the  tele- 
scope to  prevent    *  parallax,'  that   is,   to 
move  the  eye-piece  and  to  focus  until  the 
cross  wires  are  seen  with  perfect  distinct- 
ness.*    Further  adjustment  may  have  to 
be  made  in  sighting   the  levelling  staff 
and  repeated  each  time  the  staff  is  shifted. 
The  nearer  the  object  or  staff  the  further 
the  inner  tube  must  be  drawn  out. 

Levelling  a  Section. — Levelling  is  of  two 
kinds,  simple  and  compound.  Simple 
levelling  has  only  one  line  of  coUimation, 
whilst  compound  levelling  entails  constant 
changes  of  collimation.  Simple  levelling 
is  resorted  to  when  the  difference  in  height  between  two  points 
which  are  not  far  separated  is  required,  and  where  one  planting 
of  the  instrument  will  suffice.  This  is  illustrated  in  fig.  514,  where 
the  instrument  is  placed  as  near  as  possible  equidistant  between  A 
and  B,  the  two  points  the  difference  of  whose  height  requires  to  be 
determined.     The  telescope  is  first  directed  towards  A,  and  a  back 


Fig.  513. 


Fig.  514. 


sight  taken  in  which  the  line  of  collimation  cuts  the  staff  at  2*75 ; 
the  telescope  is  then  turned  roimd  and  directed  to  B,  and  a  foresight 
taken  in  which  the  line  of  collimation  cuts  the  staff  at  9  81 ;  conse- 
quently there  is  a  fall  in  the  ground  from  A  to  B  of  7  06  ft.  When 
the  foresights  and  intermediate  are  greater  than  the  back  sights  the 
ground  falls ;  if  less  it  rises  and  will  be  deduced  accordingly. 

Compound  Levelling. — When  a  long  section  of  ground  requires  to 

*  Parallax  means  an  apparent  change  in  the  position  of  an  object  caused  by  a 
change  in  the  position  of  the  observer. 
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be  levelled,  the  undulations  of  the  ground  must  be  followed  by 

varying  lines  of  collimation,  according  to  the  rise  or  fall  in  the  section. 

This  method  of  levelling  is  illustratea  m  fig.  515.     The  instrument 

is  placed  between  A  and  B,  and  the  reading  of  the  back  sight  to 

the  staff  is  taken ;  the  telescope  is 
then  turned  and  a  foresight  taken 
to  B.  The  instrument  is  now 
moved  forward  to  a  fresh  position 
between  B  and  C  and  a  back  sight 
taken  on  to  the  staff  B  at  the  same 
position  as  that  at  which  the  last 
foresight  was  taken ;  the  telescope 
is  again  turned  and  a  sight  taken 
shifted  forward  between  C  and  D 
obtained,  the  same  process  being 


Fig.  615. 


to  C.  The  instrument  is  again 
and  a  new  line  of  collimation 
repeated  till  the  whole  section  is  levelled. 

Datum  Line. — In  levelling,  a  datum  line  is  generally  selected  for 
reducing  the  levels  taken  by  the  instnunent  to  one  fixed  standard 
or  relative  height  above  sea-level.  The  Ordnance  datum  is  "the 
approximate  mean  water-level  at  Liverpool,"  and  all  levels  marked  on 
Ordnance  Survey  plans  are  the  altitudes  in  ft.  above  this  datiun.  It 
is  not,  however,  necessary  or  usual  to  adopt  the  Ordnance  datum.  Any 
height  above  the  Ordnance  datum  may  be  selected,  but  it  is  best  to 
select  the  datum  sufl&ciently  low  to  be  below  the  lowest  point  in  the 
section  levelled,  so  that  in  plotting  the  levels  will  all  be  positive. 

Booking  the  Levels. — In  booking  the  levels  various  methods  are 
employed,  but  the  commonest  and  best  method  is  as  follows : — 


Back 
Sight. 

Inter- 
mediate 
Sight. 

Fore- 
sight. 

Rise. 

FaU. 

Reduced 
Levels. 

Datum. 

Distance.            Remarks. 
Links. 

9-6 

... 

100-00 

00-00  From  centre  of  bridge. 

... 

8-30 

... 

1-80 

101-30 

100  00 

7-50 

... 

0-80 

... 

102  10 

200-00 

... 

6-32 

1-18 

0-16 

103-28 

300-00 

... 

6-48 

... 

... 

... 

103-12 

400-00 

5-63 

0-85 

... 

103-97 

50000 

4-20 

1-43 

105-40 

600-00 

... 

3-20 

1-00 

... 

106-40 

700-00 

2-21 

0-98 

... 

107-39 

800-00 

8*70 

7*-'lO 

... 

1-60 

... 

108-99 

900-00 

6*23 

0-88 

109-86 

1000  -00  Opposite  engine  house. 

4-35 

... 

1-88 

111-74 

1100-00 

3-45 

0-90 

... 

112-64 

117000  Opposite  shaft 

... 

3-50 

0  05 

112-59 

1200  00  2  ft.  from  outside  rail 

3-30 

... 

0'20 

... 

112-79 

1300-00 

... 

3-20 

010 

... 

112-89 

1400  00 

... 

2-25 

0-9.5 

113-84 

14  60  00  7  ft.  from  outside  rail. 

18-30 

... 

4-46 

14-05 

0-21 

113-84 

4-46 

... 

0-21 

100-00 

... 

13-84 


13-84 


18-84 


SURVEYING,  LEVELLING,  AND  PLANS. 


445 


Tliis  method  of  booking  levels  gives  more  accurate  results  than 
any  system.  It  may,  however,  be  more  compressed,  as  the  work  can 
be  tested  when  the  levels  are  reduced  ready  for  plotting.  If  the 
sum  of  the  back  and  foresights  are  added  up,  and  the  sum  of  the 
rises  and  falls  also  added  up,  then  the  difference  between  the  sum  of 
the  back  sight  and  foresight  ought  to  be  the  same  as  the  difference 
between  the  total  of  the  rises  and  falls.  The  difference  between 
the  last  reduced  level  and  the  original  datum  should  also  coincide 
with  these  two  results,  as  shown  in  foregoing  example. 

Another  method  of  booking  the  levels  may  here  be  shown,  in  which 
only  four  or  five  columns  are  used.  This  system  of  booking  is  em- 
ployed when  rapid  results  are  required  on  the  ground,  and  can  be 
done  very  quickly  when  practised  regularly,  but  is  not  a  method  to 
be  recommended  for  students  in  general,  on  account  of  liability  to 
error. 


Dstrument 
Height. 

Sights. 

Reduced 
Levels. 

Remarks  and  Distances. 

Datum. 

62-75 

12-75  B 

50-00 

On  floor  of  machine  house. 

8-10 

54-65 

On  level  of 

discharging  platform. 

11-25 

61-50 

At  peg. 

0 

8-70 

54-05 

73 

73-61 

)    1-35  F 
}  12-21  B 

61-40 

100   ' 

61-40 

100 

6-80 

66-81 

120  ! 

4-50 

69-11 

200 

4-40 

69-21 

272 

3-45 

70  16 

303^ 

79-79 

j   1-87  F 
8-05  B 

71-74 
71-74 

Fence 

308i 
308^ 

6-10 

73-69 

400 

5-70 

74-09 

600 

6-70 

73  09 

600 

8-50 

71-29 

700 

11-65 

68-14 

800 

12-00 

67-79 

820 

70-49 

13-10  F 
8-80  B 

66-69 
66-69 

Loading  bank, 
II          It 

In  this  method  of  levelling  a  datum  is  selected,  as  in  the  above  at 
60,  the  instrument  is  then  directed  to  tho  staff  and  a  back  sight  taken 
of  12-75,  this  is  added  to  the  datum,  and  will  of  course  give  the 
height  of  the  instrument  above  the  datum  line. 

Other  intermediate  sights  are  taken  and  recorded  in  the  same 
column.  These  are  deducted  from  or  added  to  the  height  of  the 
instrument,  as  the  case  may  be,  until  a  foresight  marked  F  is  reached  ;. 
the  instrument  being  now  moved,  another  back-sight  reading  taken, 
and  a  new  height  obtained,  and  the  reduced  levels  worked  out  as. 
before. 
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50-00 


5^05 


6681 


Plotting  the  Levels. — When  the  levels  are  all  reduced  and  ready 
for  plotting,  a  horizontal  base  line  A  B,  fig.  516,  is  drawn  on  the  paper 
and  the  distances  ab,  be,  cd,  de,  ef,  etc.,  laid 
off  to  scale.  At  distance  0,  the  first  vertical  line 
a  a  is  drawn  at  right  angles  to  A  B,  the  height 
of  this  line  being  the  selected  datmn  line  say  50 
as  an  example.  At  6,  or  73  from  a  (from 
example),  the  first  reduced  level  (bb)  is  set  up, 
and  the  distance  54*05  marked  off.  In  the  same 
way  all  the  other  reduced  levels  are  set  up  until 
the  section  is  completed.  When  plotting  sections 
like  this,  it  is  usual  to  use  two  different  scales 
for  the  horizontal  and  vertical  distances,  the 
vertical  lines  being  drawn  to  scale  from  3  to  6 
times  greater  than  the  horizontal  distances.  By 
doing  so,  the  depths  of  cutting  and  amount  of 
embankment  are  shown  with  greater  clearness 
than  if  both  were  drawn  to  the  one  scale,  and 
requirements  can  be  ascertained 
with  much  greater  accuracy. 

Surveying  Problems.  —  The 
following  worked  examples  are 
given,  which  may  prove  useful 
to  the  reader,  more  especially  if 
he  be  studying  for  one  of  the 
mining  examinations. 

Question. — Find  the  area  of  a 
parallelogram  whose  sides  are  7 
and  15  respectively,  and  the  in- 
cluded angle  is  30'  (fig.  517). 


eg  11 


69^21 


73  £9 


74  09 


74^3. 


/5 


,V.2B, 


Area=BC  x  DC  x  Sine  30'. 

Sine  of  30" =0-6000. 
'.  Area= 15x7x5  =  52*5  Ans. 


Fig.  617. 


Fig.  516. 


Qv£stion,  —  Find  the  ratio  of 
the    sides    of    a    square    to    its 
diagonal.      Find   the  length  of  side  of  square  IT 
the  diagonal  is  10  (fig.  518). 

(1)  The  ratio  of  the  side  of  a  square  to  its  diagonal  is  as^ 


, —      ^    ,        side  of  square        1 
1 :  V2  or  Kat.o  =  -g5^35jj-  =  — 


n/2 
Diagonal  =  ^^/S  side. 


10 


(2)  If  the  diagonal  of  a  square  is  10,  the  side  of  square  =  —  ai7*07  Ans.. 
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Question, — A,  B,  and  C  denote  the  lengths  of  the  sides  of  a  triangle ; 
how  may  its  area  be  determined  in  terms  of  its  sides  ? 

Let  8=    "^^"^     then  area=  ^S{S- A)(S-B)(S-C). 

Question. — The  sides  (A  B,  B  C,  C  D,  and  D  A)  of  a  field  measure 
28,  45,  60,  and  57  yards  in  length  respectively.  The  angle  ABC 
is  a  right  angle.    Find  the  area  of  the  field  in  square  yards  (fig.  519). 


Fig.  518. 


The  area  of  the  triangle  ABC  =  ??iil^  =  630. 


S: 

and  the  area  of  the  triangle  ADC  = 


The  length  of  AC=  VAB2  +  BC2  =68. 
53  +  60  +  57 


'-=85. 


VS  (S  -  a)(S  -  6)(S  -  c)  =  ^86(32  x  25  x  28)  =  1379  '8 
The  total  area  of  the  field,  therefore,  equals  1379*8 +  630=2009*8  sq.  yds. 

Question, — The  shape  of  a  coalfield  is  rectangular,  the  sides  1 
mile  and  \  mile  respectively.  It  contains  three  workable  seams  of 
coal  of  the  following  thickness  and  specific  gravity. 

1st  seam,  3  ft.  0  in.  thick.     Specific  gravity,  1*28. 

2nd  seam,  2  ft.  9  in.  thick.     Specific  gravity,  1  29. 

3rd  seam,  2  ft.  6  in.  thick.     Specific  gravity,  1*30. 

Required  the  average  available  amount  of  coal  in  the  field,  after 

making  a  fair  deduction  for  loss  in  working,  there  being  no  special 

pillars  to  be  left  in. 

1  mile  =  80  chains.     .  *.  area  of  field  =  80  x  40  =  3200  sq.  chains 

1  acre =10  sq.  chains. 

Tlie  total  tons  of  mineral  in  a  field = area  x  thickness  of  seam  in  in.  x  specific 
gravity  x  100. 

,•.  total  quantity  in  1st  seam  =  320  x  36  x  1*28  x  100  =  1474560  tons 
„  „       2nd    „   =320x33x1-29x100  =  1362240    „ 

„  „       3rd    „   =320x30x1-30x100  =  1248000    ,, 


.-.  area  of  field  in  acres  = -~  =  320. 
10 


total  quantity  in  three  seams  =  4084800  tons. 
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Allowing  15  per  cent  for  faults,  bad  coal,  and  loss  in  working,  the  total  available 

amount  will  be  ^^^^^^^^^^  or  3472080  tons. 
100 

Question. — A  seam  dips  1  in  3 ;  find  the  length  of  a  level  mine 
to  cut  a  fault  of  10  fathoms  which  intersects  the  seam  (fig.  520). 

An  approximate  solution,  assuming  the  fault  to  be  at  right  angles 
to  the  seam. 


Fig.  620. 


If  the  seam  rises  1  in  3,  what  length  of  slope  will  give  a  rise  of 
60  ft.? 

AC=180ft. 


1  :  60 


zjl^^mit. 


.-.  AB2=AC2xBC2=Ay36000  =  189-7ft  Ans. 

If  in  the  above  problem  the  mine  rises  1  in  70,  find  what  the  length 
would  be  (fig.  521). 


A    E 


Fig.  621. 


Let  A  D  be  an  imaginary  level  line,  and  suppose  we  go  along  A  D  (A  to  E)  3  ft., 
then  the  line  A  C  has  risen  1  ft.  above  A  D  at  £.     The  line  A  B  has  also  risen 

;^  ft.  above  A  D.     .-.  in  3  ft.  A  B  has  parted  from  ACl-A  =  ?^ft. 
70  ^  70    70 

If  we  gain    '  ft.  in  3  ft.  how  far  must  we  go  to  gain  60  ft? 

70  • 

60x3 
67    =188-05  ft  AC=188-06 

70  

.•.  A  B2=(188-05)2x  (60)2=  V38737-80  =  196-8  ft  Ans. 
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Question, — A  seam  dips  1  in  7  towards  the  south.  Level  course 
is  N.  70*  E. ;  find  the  true  bearing  of  a  road  rising  1  in  60. 

Assume  A  C  and  A  B  to  be  of  equal  length  (fig.  522).  A  C  is  level, 
and  A  B  rises  1  ft.  in  60  ft.,  therefore  the  point  B  is  1  ft.  higher  than 


C.     Now  the  seam  is  rising  1  in  7,  and  if  it  rises  1  ft.  from  C  to  B, 
distance  C  B  must  be  7  ft. 

By  trigonometry  sin  C  A  B  =  ?5  =  ^  =  o  '1 166. 
AB     60 

From  tables  sin  0*11 66  =  6° -42'  and  the  bearing  of  road  =  70° -6°  42'=N.  63**  18' 

E.  Ans. 

Or  let  the  diameter  of  the  circle  be  120  ft,  then  circumference  =  120  x  3 "1416= 

377  ft.  nearly. 

and  377  :  7  ::  360°  =  6' 41'. 

To  find  bearing 

AB=N.  70E. 

.-.  AB  =  N.  70°-6Ml'E. 

=N.  63''19'E. 


Fig.  523. 


Question, — A  seam  is  dipping  1  in  3  due  south,  a  road  is  driven 
N.  45*  W.  Find  the  inclination  of  road.  A  road  driven  N.  90**  W. 
will  be  level. 

Sin  45'  =  1-4142136 
If  AC  =  100,  BCalso  =  100and 

2f 
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A  B  =  V1002  X  1002=  ^20000  =  141  -42136 

The  seam  is  rising  lin  3.    .  •.  B  is  _-=33-3  ft.  above  C  and  also  33*3  ft.  above 

o 

A  ;  so  that  A  B  rises  33*3  ft.  in  141*4  ft.  and  inclination  =  111^  =  1  in  4*24 

33-3 


Question. —k  seam  is  dipping  1  in  5  due  south.     A  road  is  driven 
!N\  GO^  VV.     Find  its  inclination. 

N 

a 

a 


Fig.  525. 


If  AC  =  100,  BC  =  50.     ,\  AB=  Vl00''x502=lll-3,ifBC  =  50andi8dipping 

1  in  5  then  B  is  --=  10  ft.  higher  than  C  or  than  A,  so  that  AB  rises  10  ft  in 
5 

111-3  and  .'.  inclination  =  ?ii^=l  in  11-3  Ans. 

Question. — A   road    has    been   driven    1°  off  the  bearing.      Find 
how  much  it  is  out  in  500  ft. 


Fig.  526. 
By  trigonometry  B  C  =  A  B  x  sin  B  A  C  =  500  x  -0175  =  8-75  ft.  Ans. 
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An  approximate  method  of  working  a  question  of  this  kind,  and 


Fig.  527. 

which  may  be  useful  to  students  who   have  no  acquaintance  with 
trigonometry,  may  be  explained  as  follows : — 

Let  B  C  D  be  a  circle  with  a  radius  of  500  ft.  (fig.  519). 

.'.  The  circumference  of  this  circle =2  x  500  x  3*1416 

=  3141*6  ft. 

Suppose  the  arm  A  B  is  swung  round  a  complete  circle  it  will  have  describod 
an  angle  of  360%  and  the  point  B  will  have  travelled  3141*6  ft.  Now,  by  j>ro- 
portion,  if  B  travels  3141*6  ft.  for  360**,  how  many  ft.  will  it  travel  for  1"  ? 

.-.  360**  :!•*::  3141*6  ft. 


.1x3141*6 
360 


=8*72  ft.  Ans. 


This  distance,  of  course,  is  measured  along  the  arc  of  the  circle,  but  in  a  case 
like  this  the  difference  between  the  length  of  the  arc  and  that  of  its  chord  is 
infinitesimal,  and  would  be  negligible  for  all  practical  purposes. 


-If  a  road  has  been  driven  for,  200  yards  and  A  is  then 
found  to  be  30  yds.  off  the  true  course,  which  must  have  been  the 
error  in  bearing  in  setting  out? 


Fig.  528. 
By  trigonometry  sin  ^=-t-~ 


^30 
200 
,  sin  0=  -1500 
.*.  ^=8°  38' Ans. 
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or  by  the  approximate  method  mentioned  above  we  have  a  circle  whose  radius  is 
200  yds.,  .  •.  circumfereuce=2  x  200  x  3*1416 

=  1256-64  yds. 


Fig.  529. 


But  the  circumference  is  also  =  360°. 
.'.  1256-64  yds. 
.  30  X  360 
•  *  1256-64 


30  yds.  :  :  360' 
=8°  35'  Ans. 


THE  END. 
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Adelaide  drill,  83. 

Adit  levels,  271. 

Adjasting  screws   for  wintling  ropes, 

216. 
After-damp,  321. 
Air,  composition  of,  318,  319. 

impure,  in  mines,  325. 

moist,  ,,        320. 

Air-compressors,  99. 
Air-crossings,  347. 
Air-currente,  347. 

formulse  for,  320. 
Air-pipes  for  ventilators,  352. 
Air-vessels,  311. 
Alluvial  deposits,  boring  in,  21. 
Altered  rocks,  2. 

Ammonia,  use  of,  in  freezing,  61. 
Ammonite,  71,  73. 
Amvis,  73. 

Angle  method  of  working  coal,  143. 
Anthracite,  6. 
Anticlinal  fold,  3. 
Aqueous  rocks,  2. 
Ardeer  powder,  70. 
Atmosphere,  height  of,  320. 

measure  of,  320. 

Back  lash  of  fans,  336. 

Balance  beam  for  pump  rods,  290. 

Balancing  pump  rods,  288. 

Banking  out,  397. 

Barometrical  pressure,  320. 

Barraclough  pulley,  253. 

Barring,  41. 

Bash  (^al-washing  machine,  407. 

Baum  coal-washer,  416. 

Beams,  calculating  the  strength  of,  175. 

B^che,  15. 

Bedding  of  rocks,  2,  114. 

Bellite,  72,  73. 

Bituminous  coal,  6. 

Black  damp,  821. 


Blaes,  117. 
Blasting,  74. 

cost  of,  76. 
Blasting-gelatine,  69. 
Blind  coal,  7. 
Blind  pits,  241. 
Block  brake  for  drums.  211. 
Blowers,  324. 
Boart  diamonds,  24. 
Bogie  clips,  261. 
Boilers,  393. 

accidents  to,  395. 

chimneys,  397. 

evaporative  power  of,  395. 
Bord  and  pillar  method  of  working 

coal,  120,  138. 
Bore-holes,  distance  set  forward,  26. 

lining,  19. 

surveying,  28. 

uses  of,  12. 
Boring  by  diamonds,  23. 

cost  of  diamond,  24. 

cost  of  Japanese,  21. 

cost  of  Mather  &  Piatt,  23. 

cost  of  spring-pole,  20. 

dangers  attending,  26. 

frame,  plan  and  elevation,  25. 

headgear  used  in,  17. 

in  alluvial  deposits,  21. 

in  hard  ground,  25. 

in  ordinary  strata,  13. 

methods  of,  13.     See  also  Methods 
of  Boring, 

preliminary  operations  in,  15. 

removal  of  debris  in,  16. 

rotarv,  23. 

speed  of,  20. 

speed  of  diamond,  24. 

speed  of  Mather  k  Piatt,  23. 

tools  used  in,  17. 

use  of  clinograph  in,  28. 

chisels,  14. 
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Boring  rods,  14. 

extracting  broken,  17, 
Bracehead,  15. 
Brakestaff,  15. 
Brattice,  350. 
Briart's  method  of  fixing:  guides,  203. 

wheel  for  haulage,  249. 
Brick  drams  in  sinking,  49. 
Brickwork  supports  for  roads,  161. 
Brown  coal,  6,  7,  8. 
Backet  pumps,  280,  290. 
Buildings.     See  Packs, 
Ball  pumping-engine,  296. 
Burnett's  roller  wedge,  77. 
Bams's  brake,  212. 
*  Burnt '  coal,  4. 

Cage,  speed  of,  209. 
Cage  guides,  201. 

iron  or  steel,  202,  204. 

rope  or  rod,  206. 

wood,  201. 
Cage  props,  217.     See  also  Keps, 
Cages,  206. 

double-decked,  207. 

for  inclined  shafts,  210. 

safety,  215. 

single-decked,  207. 
Caking  coal,  6,  7. 
Calorific  power  of  coal,  10. 
Cannel,  6,  7. 

Capacity  of  pumps,  294,  316. 
Capping  for  winding  ropes,  192,  1 93. 
Carbo-gelatine,  73. 
Carbon,  319. 

dioxide,  319,  321. 
Carbonic  acid  in  mines,  31 9. 
Carbonic  oxide,  322. 
Carbonite,  70,  73. 
Carburetted  hydrogen,  323. 
Carriage  for  tubs  on  inclines,  241. 
Cast-iron  props,  167. 
Catch  block,  262. 
Centrifugal  fans.     See  Fans, 

pumps.     See  Pumps, 
Chain  and  staple  balance,  197. 
Chain  coal  cutters,  88. 
Chain  wheel  for  haulage,  249. 
Chains,  430. 

strength  of,  196. 
Charles's  law,  103. 
Chesneau  fire-damp  indicator,  382. 
Chisels  for  boring,  14. 
Chlorate  explosives,  68. 
Chloride  of  calcium  in  freezing,  69. 
Choke  damp,  321, 
Chutes,  143,  144. 
Circular  shafts,  31-41. 


Circumferentor,  418. 
Clanny  safety  lamp,  373, 
Classification  of  coals,  6. 

of  explosives,  67. 

of  rocks,  2. 
Clearance,  loss  by,  103. 
Cleats,  114. 
Cleavage  of  rocks,  2. 
Clinograph,  28,  29. 
Clips.     See  HavXage  dips. 
Close  drifts,  ventilation  of,  351. 
Clowes's  fire-damp  indicator,  380. 
Coal,  analysis  of,  7-9. 

calorific  power  of,  10. 

characteristics  of,  6. 

classifications  of,  6. 

definitions  of,  6. 

formations  of,  6. 

in    other    formations    than     the 
Carboniferous,  5, 

in  New  South  Wales,  6. 

rocks  associated  with,  5. 
Coal  boring,  12. 
Coal,  burnt,  analysis  of,  4. 
Coal-cleaning  arrangements,  404-417. 
Coal-cutting  by  machinery,  85,  92,  93, 
94. 

cost  of,  by  hand,  94. 
Coal-cutting  machines,  84,  92-94. 

advantages  and  disadvantages  of, 
95. 

chain,  88. 

Gillott  &  Copley,  85,  89,  95. 

Harrison,  85. 

Ingersoll-Sergeant,  86,  86. 

Jeffrey,  88. 

Mitchell,  88. 

Pope  and  Pearson,  91. 

power  for,  91 . 

rotary  wheel,  89. 

Rigg  &  Meiklejohn,  85,  90. 

Stanley,  85. 
Coal  measures,  6. 
Coal-screening,  404-407. 

fixed  incHned  screen,  414. 

revolving,  406. 

shaking  or  jigging,  406. 
Coal  tar  for  timber  preservation,  179. 
Coal  washing,  407-417. 
CoflTering,  40. 
Colliery  plans,  424. 
Compasses  used  in  surveying,  418  el 
seq. 

variations  of,  419. 
Compressed  air,  diameter  of  pipes  for 
106. 

in  sinking,  58. 

in  workings,  99. 
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Compressed  air,  losses  in,  102,  104. 
Conductors.     See  Chiides. 
Conqueror  drilling  machine,  80. 
Cores  in  boring,  23. 
Cornish  boilers,  393. 

engines,  296. 
Corves,  226. 

Cost.     Seelunder  Boring,  Coal  cutting. 
Counterbalancing,  197. 

chain  and  staple,  197. 

pump  rods,  289. 

tail  rope,  198. 
.  Cousie  levels,  132. 
Creep,  109,  123. 

Creosote  for  preserving  timber,  1 78, 1 7P. 
Crown,  diamond,  in  boring,  23. 
Crow's  foot  grapnel,  17. 
Crush,  119,  122. 

Dahmenite  A,  71,  73. 

Darlington  drill,  82. 

Datum  line,  444. 

Daugh,  136. 

Davey's  differential  pump,  300. 

differential  valve  gear,  302. 
Davy's,  Sir  H.,  safety  lamp,  372. 
Detonators,  74,  75. 
Devonian    formation,    occurrence    of 

coal  in,  5. 
Diamond  boring,  23,  24,  25,  26. 

Cost  of,  24. 
Di£ferential  pump.     See  Pump. 
Dip,  angle  of,  2,  8. 
Dip  workings,  pumps  for,  303. 
Direct-acting  steam  pumps,  299. 
Dook  rope  haulage,  242. 
Double-decked  cages,  207. 
Double  plunger  pump,  314. 
Double  stall  method,  146. 
Down-throw  fault,  3. 
Drift  process  of  coal  formation,  6. 
Drilling,  cost  of,  81. 
Drilling  machines,  Adelaide.  83. 

Conc^ueror,  80. 

Darlington,  82. 

Ingersoll-Seigeant,  84. 
Drills  for  rocks,  79. 

hand,  79. 

machine,  80. 

ratchet,  80. 
Drum,    distance    of,   from    centre    of 

shaft,  188.     See  also  Winding, 
Drum  brakes,  211. 
Drum  method  of  sinking,  49. 
Dry  compressors,  99. 
Duty  of  pumping  engines,  313, 
Dykes,  3,  4. 
Dynamite,  19. 


Earth,  theories  concerning  centre  of, 

4. 
Earth's  crust,  composition  of,  1. 
Earthquake  powder,  72,  73. 
Efficiency  of  electrical   transmission, 
107. 

of  explosions,  17. 
Electric  detonators,  75. 

lamps  for  mines,  383. 
Electrical  terms,  111. 
Electricity  for  firing  shot,  75. 

for  power  transmission,  105. 

haulage  by,  107. 

pumping  by,  109. 
Electronite,  71,  73. 
Elements,  318. 

Elephant  Brand  powder,  72,  73, 
Elevators,  403. 
Elliot's  coal  washer,  409. 

multiple  wedge,  77. 
EUintical  shafts,  31. 
Endless  rope  haulage,  252,  262,  267. 

cost  of,  266. 
Engines.     See  Haulage  engines,  Tump 

ing  engines,  Winding  engines. 
Equivalent  orifice  of  mines,  316. 
Evan's  safety  lamp,  378. 
Kvaporative  power  of  fuel,  11. 
Expansion  joints  for  pumps,  275. 
Explosive  cap,  328. 
Explosive  gases  in  mines,  325. 
Explosives,  67. 

Ammonite,  71,  73. 

Amvis,  73. 

Ardeer  powder,  70,  73. 

Argus  powder,  72. 

Bellite,  72,  73. 

Blasting  gelatine,  (^9. 

British  gelignite,  73. 

Carbo-gelatine,  73. 

Carbonite,  70,  73. 

chlorate  mixtures,  (j^, 

Dahmenite,  71,  73. 

Dynamite,  69. 

Earthquake  powder,  72. 

Electronite,  71,  73. 

Elephant  Brand  powder,  72,  73. 

Faversham  powder,  73. 

Gelatine  dynamite,  70. 

Gelignite,  70,  73. 

Gunpowder,  68. 

high,  69. 

Kynite,  70,  73. 

Kynoch's  gelignite,  73. 

Nahnsen's  gelignite,  73. 

Natural  gelignite,  73. 

Nitro-benzol,  71. 

Nitro*cellulose,  71. 
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Explosives,  — covtinued, 

Nitro-glycerine,  69. 

Nitro-naphthaline,  71. 

Nobel  Ardeer  powder,  73. 

Nobel  carbonite,  73. 

Nobel  gelignite,  73. 

Oxalate  blasting  powder,  72,  73. 

Pembrite,  73. 

permitted,  list  of,  73. 

Khenish  gelignite,  73. 

Roburite,  71,  73. 

safety,  72. 

selection  of,  74. 

Sun  gelignite,  73. 

Westfalite,  71,  73. 
Explosive  compounds  containing  nitro- 
glycerine, 69. 
Explosive  compounds  not  containing 
nitro-glycerine,  71. 

Fans,  335. 

Cappell,  339. 

compressing,  343. 

cost  of,  344. 

dimensions  of,  342. 

Gtiibal,  336. . 

quantity  of  air  delivered  by,  314. 

Schiele,  337. 

selection  of,  335. 

speed  of,  343. 

temporary,  during  shaft  sinking, 
65. 

useful  effect  of,  345. 

Waddle,  336. 

Walker,  340. 
Faults,  3,  4,  13. 
Fa versham  powder,  73. 
Felspar  coal  washer,  414. 
Finding  plates,  ZQ, 
Fire-damp,  322. 

detection  of,  324,  380-383. 

explosions,    precautions    against, 
74. 
Fire-grate  area  for  ventilating  furnace, 

332. 
Fish-plate  for  iron  sets,  165. 
Fisher's  clips,  259. 
Fissures,  3. 

Flame  communication,  73. 
Flaming  coal,  6. 
Formation  of  coal-fields,  6. 
Formulae  for  air-currents  in  mines,  320. 

for  capacity  of  pumps,  294. 

for  fan  ventilation,  344. 

for  gradients,  231,  240. 

for  haulage  problems,  267,  270. 

for  pumps,  315. 

for  sizes  of  pipes,  277. 


Formulse  for  sizes  of  pump-rods,  285. 

for  sizes  of  ropes,  195, 

for  size  of  winding-engine,  222. 

for  strength  of  chains,  196. 

for  ventilation  problems,  332. 
Freezing,  methods  of  sinking  by,  59. 

tubes  used  for,  59,  60,  61. 
Friction  detonators,  74. 

on  rails,  226. 
Fuel,  evaporative  power  of,  11. 
Furnaces,  ventilating,  330. 
Furnace  ventilation,  329,  334. 
Fuses,  safety,  76. 

Galloway's  scaffold,  34. 

system  of  sinking,  45. 
Garland,  37. 
Gas  coal,  6,  7. 
Gas  vents,  324. 
Gases  in  mines,  318,  321. 

carbonic  acid,  319,  321. 

carbonic  oxide,  322. 

carburetted  hydrogen,  322. 

sulphuretted  hydrogen,  322. 
Gauge  for  haulage  roads,  226. 
Geared  pumping-en^ne,  295,  297. 
Gelatine,  blasting,  70. 

dynamite,  70. 
Gelignite,  70,  73. 

Kynoch's,  73. 
Gillott  and  Copley  coal-cutter,  89,  95. 
Girders  for  road  supports,  168. 
Glands  for  pit-head  frames,  183. 
Goaf,  116,  124,  125,  154. 
Gobert's  method  of  sinking,  61,  62. 
Gradients,  formulee  for,  231,  240. 
Gradins  renvers^s,  145. 
Gray,  safety-lamp,  376. 
Grooved  pulleys,  255. 
Guides,  Briart's  method  of  fixing,  203. 

for  cages,  201. 

iron  and  steel,  202,  204. 

rope,  205. 

wood,  201. 
Gunpowder,  68. 

Hade,  8. 

Hand-drills,  79. 

Hang-fire  shots,  76. 

Hanging  scaffold  for  lining,  34, 

Hanson's  clips,  260. 

Haulage,  97,  225. 

arrangements  at  pit-bottom,  229. 

automatic  detacher,  259. 

brake  arrangement,  266. 

branch  roads,  240. 

Briart's  wheel,  249. 

by  machines,  242. 
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Haulage,  carriages  for  tubs,  241. 

chain-wheel  for,  249. 

cost  of  various  systems,  2C6. 

dook  rope,  242. 

driving  pulley,  263. 

formutffi  for  gradients,  231. 

gradients,  231,  240. 

horse  roads,  231. 

horse  traction,  230. 

laying  roads  for,  226. 

manual  labour  for,  230. 

staple  pits,  241. 

tubs,  226. 

working  branches,  247. 

working  curves,  251. 

working  landings,  265. 
Haulage  clips,  257. 

endless  rope,  264. 

Fisher's,  258. 

Hanson's,  260. 

Bumble's,  260. 

Rutherford  and  Thomas,  260. 

Smallman's,  260. 

Ward  and  Lloyd's,  260. 
Haulage  engines,  tests  for,  252. 

See  also  Engines, 
Haulage  inclines,  234. 

cut-chain,  235. 

gradients,  231,  240. 

self-acting,  234,  236. 
Haulage  pulleys,  253,  255. 

bevel,  263. 

Briart's,  249. 

roller,  263. 
Haulage  roads,  catch  block  for,  262. 
Haulage  ropes,  guides  for,  244. 

knock-offs,  245. 

method  of  gripping,  254. 

pulleys  for,  253-255. 

shackle  for,  244. 

speed  of,  255. 

tightening,  255. 
Haulage  systems,  direct,  212. 

endless  chain,  249. 

endless  rope,  252,  263. 

main  and  tail  rope,  243. 
Heenan  k  Fronde's  rotary  tippler,  401. 
Height  of  atmosphere,  320. 
Hign  explosives,  69. 
Holing  props,  116, 
Hooks,  King  &  Humble's,  214. 

Walker's,  218. 

West's,  214. 
Horses,  keep  of,  232. 

stables  for,  233. 
Humble's  clips,  260. 
Humus  in  relation  to  origin  of  coal,  6. 
Hurdle  screens  in  ventilation,  352. 


Hutches,  226. 
Hydraulic  keps,  219. 

pumps.    See  Pumps, 
Hydrogen,  318. 

Igneous  rocks,  2. 

Inclined  seams,  141. 

Inclines.    See  Haulage  inclines. 

Induction  currents,  421. 

Ingersoll  drill,  84. 

IngorsoU-Sergeant  coal-cutter,  86. 

compressor,  100. 
Injection  compressors,  101. 
Iron  and  steel  road  supports,  cost  of, 

164,  165, 167. 
Iron  cylinders  used  in  sinking,  54. 

guides,  202,  204. 

keps,  217. 

kibble,  62. 

pithead  frames,  184, 

props,  163. 

riders,  63. 

ropes  for  winding,  191. 

sets  for  roads,  164. 

supports  for  roads,  162. 

tubs,  226. 

Japanese  kettle  catch,  21. 
method  of  boring,  21. 
Jeffrey  coal  cutter,  88. 
Jig  Brow  haulage  tackle,  234. 
Jiggers,  256,  257. 
Jizai  Kagi,  21. 
Jointing,  114. 
Jurassic  formation,  coal  found  in,  5. 

Keps,  217. 

hydraulic,  219. 

St^uss,  217. 
Kettle  catch,  Japanese,  21. 
Kibbles,  35,  62. 
Kieselguhr,  69. 

Kind-Chaudron  system  of  sinking,  54 
Kind's  plug,  19. 
King  and  Humble's  hook,  214. 
K ley's  pumping  engine,  297. 
Knock  offs,  245. 

Koepe's  system  of  winding,  199. 
Kynite,  70,  73, 
Kynoch's  gelignite,  73. 

Lagginc,  160. 

Lamination  of  rocks,  2. 

Lamps.     See  Safety  lamps. 

Landings,  Method  of  working,  2C6. 

Levelling,  441. 

Lifts,  length  of,  in  pumps,  293. 

Lignite,  6,  8. 
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Lipes,  152. 

Lippman's  method  of  sinking,  59. 
Longwall  method  of  working,  113, 135, 
149. 

length  of  walls,  115. 

ripping,  118. 

spragging,  116. 

working  thin  seams,  118. 

See  also  Methods  of  Wo f  king. 
Loose  ground,  driving  through,  160. 
LUhrig  and  Coppee  coal  washing  ma- 
chines, 42. 

Macuine  drills.     See  Drilling   rrva- 

chines. 
Machinery,  underground,  197. 
Machines,  boring,  28. 

coal  -  cutting.      See    Coal-ciUting 
Machines, 

winding.    See  Winding  Tnachines. 
Magnetic  declination,  419  et  seq. 

dip,  422. 

meridian,  423. 

needle,  419. 
•  ridge  Unes,  419. 

storms,  422. 
Main  and  tail  rope  haulage,  243. 
Marsaut  safety  lamp,  374. 
Marsh  damp,  322. 
Masonry  lining  for  shafts,  33. 
Mather  &  Piatt  system  of  boring,  16, 

21,  23. 
Measurements,  430. 
Mechanical  ventilation,  335. 

wedges,  77. 
Metamorphic  rocks,  2. 
Methods  of  sinking  by  brick  drums,  49. 

Gobert's,  61. 

iron  cylinders,  50. 

Eind-Ohaudron,  54. 

Lippmann,  59. 

pile-driviijg,  49. 

Pofttsch,  59. 

special,  48. 

Triger,  52. 
Methods  of  washing.     See  Coal  toash- 

ing. 
Methods  of  working,  angle,  143. 

bor«l  and  pillar,  120. 

double  stall,  146. 

longwall,  113.  135. 

panel,  127,  133. 

pillar  and  stall,  120. 

single  stall,  146. 

special,  128. 

stoop  and  room,  120. 

thick  seams,  149. 

vertical  seams,  139,  141. 


Millstone  grit,  5. 

Mine  gases.    See  Oases  in  mines. 

Minerals  associated  with  coal,  5. 

Miocene  deposits  of  coal,  5. 

Miss  shots,  75,  76. 

Mitcheirs  coal  cutter,  88. 

Moisture  in  air  of  mines,  320. 

Monkey  knock  off,  246. 

Moor  rock,  5. 

Moore's  hydraulic  pump,  305. 

Moss  box,  54. 

Moss,  wet,  for  cartridges,  74. 

Motors,  electrical,  110. 

for  compressed  air,  104. 
Mueseler  safety  lamp,  376. 
Murton  coal  washer,  409. 
Mushroom  valve  for  compressors,  102. 

Nahnsen's  gelignite,  73. 
New  South  Wales,  coal  in,  5, 
New  Zealand,  coal  in,  5. 
Nitro  benzol,  71. 

cellulose,  71. 

explosives,  69, 

naphthalin,  71. 
Nitrogen,  319. 
Nobel  Ardeer  powder,  73, 

carbonite,  73. 

geli^ite,  73. 
Non-caking  coal,  6,  7. 

Oak  curbs  for  lining  shafts,  32. 
Ordnance  datum,  444. 
Origin  of  coal,  6. 
Outcrop,  2. 

Overwinding,  automatic  apparatus  for 
preventing,  220. 
prevention  of,  213-216. 
Oxalate  blasting  powder,  72,  73. 
Oxygen,  319. 

Packs,  116. 

Panel  system  of  working,   127,    133, 

135,  141. 
Parrot  coal,  7. 
Pembrite,  73. 
Percussive  boring,  13. 
Permitted  explosives,  list  of,  73. 
Pieler  fire-damp  indicator,  381. 
Pile  driving,  49. 
Pillar  and  stall  method,  120. 

direction  of  pillars,  124. 

mode  of  extracting  pillars,  125. 

size  of  pillar,  120. 

width  of  stall,  124. 
Pillars,  extracting,  126. 
Pipes.     See  Compressed  air^  Pumps, 
Piston  pumps,  294. 
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Pit-bottom,  arrangement  of,  229. 
Pithead  frames,  180. 

stands  for,  183. 

iron  and  steel,  184. 
Pithead  pulleys,  209. 
Plotting,  482  et  seq. 
Plunger  pumps,  281,  284. 
Poetsch's  method  of  sinking,  59. 
Pope  k  Pearson's  coal  cutter,  91. 
Power,  transmission  of,  97,  112. 

by  compressed  air,  99,  111. 
electricity,  105,  111. 
hydraulic  power,  111, 

.    rods,  97,  111. 
steam,  97,  111. 
wire  ropes,  97,  111. 

cost  of  various  systems,  111. 
Pressure  of  air  in  shafts,  328. 
Problems  in  surveying,  446. 
Props,  steel,  1 63.     See  also  Kej^s. 
Protector  locks  for  lamps,  386, 
Protractors,  438. 
Pulleys,  haulage,  253,  255,  263,  265. 

pit-head,  209. 
Pulsometer  pump,  307. 
Pumping,  271. 

adit  levels  for,  271. 

by  tanks,  271. 

syphons  for,  272. 
Pumping-engines,  295. 

Bull,  296. 

Cornish,  296. 

direct-acting,  295. 

duty  of,  312. 

geared,  295,  297. 

Kley's,  297. 
Pump-rods,  282. 

bang-pieces,  286. 

cleats,  286. 

connections,  287. 

counterbalancing,  289. 

formulae  for  sizes  of,  285. 

guides  for,  286. 

methods  of  balancing,  288. 

West  k  Darlington's  balance,  289, 
291. 
Pumps,  273. 

air  vessels  for,  311. 

arrangement  of,  313. 

bucket,  280,  290. 

calculation  of  capacity  of,  294. 

capacity  of,  315. 

centrifugal,  309. 

Davev's  differential,  300. 

double  plunger,  314. 

expansion  joints  for,  275. 

fittings  for,  274. 

for  dip  workings,  300. 


Pumps,  formulae  for  sizes,  277. 
hydraulic,  305. 
length  of  life,  298. 
length  of  stroke,  293. 
pistons  of,  294. 
pipes  for,  276,  276. 
plunger,  281,  284,  291. 
pulsometer,  307. 
Reidler's,  300. 
Reidler's  differential,  303. 
sinking,  309. 
sizes  of  pipes  for,  276. 
speed  of,  293. 
steam,  direct-acting,  299. 
supports  for  pipes  for,  275. 
thickness  of  pipes  for  valves  for, 
278.    See  also  Valves, 

Rails  for  haulage  roads,  225. 

supports,  168. 

influence  of,  on  magnetic  needle, 
422. 
Rectangular  shafts,  31. 
Reidler's  pump,  300. 

differential  pump,  803. 

valve  for  compressors,  102. 
Reversed  fault,  4. 
Rhenish  gelignite,  73. 
Riders  for  kibbles,  63. 

for  wood  conductors,  64. 
Ring  curb  in  sinking,  37. 
Ripping,  118. 
Roads,  brickwork  supports  for,  161. 

iron  supports  for,  164-168. 

securing,  with  masonry,  168. 

supporting,  158. 

width  of,  in  long  wall,  116.     See 
Haulage. 
Roadways,  timbering,  157. 
Robbing  pillars,  123. 
Robinson  washer,  411. 
Roburite,  71,  73. 
*  Rock,'  definition  of,  1. 
Rock  drills.    See  Drills. 
Rockhead,  32,  41. 
Rocks,  cleavage  of,  2. 

division  of,  2. 

stratification  of,  2,  4. 
Rod  guides,  205. 
Rods  for  boring,  14. 

power  transmission,  97,  111. 
Roofs,  good  and  bad,  162. 
Ropes,  flat  steel,  191. 

iron,  191, 

wire,  191. 
Ropes,  adjusting  screws  for,  216. 

cappings  for,  193. 

care  of,  193. 
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Ropes,  connterbalancing,  197. 

sizes  of,  195. 

spring  coupling  for,  201. 

strength  of,  194. 

tests  for  winding,  192. 

weight  of,  196. 

See  Haulage,  Winding. 
Rotary  boring,  23. 
Rotary  wheel  coal  cutters,  89. 
Rubbly  rock,  sinking  through,  47. 
Rutherford  and  Thomson's  clip,  260. 

Safety  cages.    See  Cages, 

Safety  explosives,  72. 

Safety  fuses,  75. 

Safety  hooks  for  winding.     See  Eoolcs, 

Safety  lamps,  372-391. 

Chesneau  indicator,  382. 

Clanny,  373. 

Davy,  373. 

electric,  383. 

Evan,  378. 

fire  damp  indicators,  380. 

Gray,  376. 

hydrogen  indicator,  380. 

Marsaut,  374. 

Mueseler,  375. 

Pieler  indicator,  381. 

Stephenson,  374. 

Stokes*  indicator,  381. 

Thomas's,  379. 

Wolf,  377. 

Wolf-Dahlmann,  378. 
Safety  lamps,  cleaning,  390. 

construction  of,  384. 

cost  of  upkeep,  385. 

definition,  372. 

filling,  391. 

lighting,  391. 

lighting  power  of,  394. 

locking  contrivances,  386. 

protector  lock,  386. 

testing,  387. 

trimming,  390. 
Safety  riders,  63. 
Sand,  wet,  for  cartridges,  74. 
Scaffold,  Galloway's,  34. 

hanging  for  lining,  34. 
Scotch  canuel,  7. 

Scotland,  Carboniferous  formation  in,  5, 
Sedimentary  rocks,  2. 
Setting  props  at  face,  155. 
Shackle  for  haulage  ropes,  244. 
Shaft,  ascertaining  centre  of,  188. 
Shafts,  Circular  sinking  of,  33-41. 

enlarging,  65. 

fixing  steam  pipes  in,  98. 

form  of,  31, 


Shafts,  oak  curbs  for  lining,  32. 

sites  of,  31. 

size  and  number  of,  31. 

temirarary  lining  of,  32. 

ventilation  of,  during  sinking,  65* 

wood  lining  for  shafts,  42. 
Shaft  sinking,  31. 

fixing  timber,  42. 

Galloway  system,  45. 

temporary  lining  for,  48. 
Short-circuiting,  107. 
Shot  firing  by  electricity,  75. 
Siding  accommodation,  392. 
Single  decked  cages,  207.  * 

Single  stall,  146. 
Sinking  by  freezing,  59. 

cost  of,  41. 

methods  of.    See  Methods. 

preliminary  operations,  32. 

pumps.    See  Pumps, 

scaffolds,  33-36. 

speed  of,  41. 

through  rubble,  47. 
Sinking  and  walling  simultaneously,  35. 
Siphons,  272. 
Sleeve  for  supports,  166. 

collar  in  boring,  22. 
Sliding  deals,  44. 

joint  for  boring  tools,  17. 
Sludgers,  15. 
Smallman's  clip,  260. 
Smokeless  coal,  6. 
Sole  piece  for  rail  supports,  168. 
Specific  gravity,  318. 
Shears.    See  Pump  rods* 
Spragging,  116,  137. 
Spray  compressors,  101. 
Spring  attachment  for  winding  ropes, 

200. 
Spontaneous  combustion,  138. 
Sprouts,  137. 
Square  work,  149. 
Stables,  233. 
Stage  compression,  101. 
Stanley  heading  machine,  85. 
Staple  pits,  241. 
Stauss  keps,  217. 

Steam,  losses  in  underground  convey- 
ance of,  98. 

use  of,  underground,  97. 
Steam  pipes,  fixing,  in  shaft,  98. 
Steam  pumps.    See  Pumps, 
Steel  props,  163. 

rails  for  road  supports.  157. 

cost  of,  168. 
ropes  for  winding,  191. 
sets  for  roads,  163. 
tubs,  228. 
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Stephenson  safety  lamp,  874. 
Stepping  the  chain,  482L 
Stokes's  fire*damp  indicator,  381. 
Stone  coal,  7. 

Stoop  and  room  working,  120,  135. 
Strata,  dislocation  of,  3. 

inclination  of,  2. 
Stratified  rocks,  2. 
Strength  of  pillars,  173. 
Stroke,  3. 
Stythe,  321. 
Sulphur,  819. 

Sulphuretted  hydrogen,  322. 
Smn  gelignite,  73. 
Surface  arrangement,  392-417. 
Surveying,  418-451. 

bore  holes,  28. 

definition,  418. 
Sussman  electric  lamp  for  mines,  383, 

384. 
Symbols,  318. 
Synclinal  fold,  3. 

Tail  rope,  counterbalancing,  198. 
Taking  lifts,  126,  126. 
Tapping  waste  workings,  26. 
Temperature  at  centre  of  earth,  1. 
Temporary  lining  for  shafts,  32. 
Tender  roofe,  162. 
Tertiary  deposits  of  coal,  5. 
Thick  seams,  working,  149. 
Thomson's  calorimeter,  10. 

safety  lamp,  379. 
Throughers,  128,  138. 
Timber,  cost  of,  161. 

crushing  strains,  174. 

formula  for  strength  of,  175. 

tensile  strength  of,  172-174. 

preservation  of,  177. 

preservation   by  Aitken   process, 
178. 

preservation  by  creosote,  178. 

preservation  by  coal  tar,  179. 

preserved,  duration  of,  179. 

specific  gravity  of,  174. 

varieties  of,  164. 
Timbering,  152, 156. 

at  face,  166. 

continental  methods,  159. 

roadways,  157. 

Welsh  methods,  167.      See    also 
Spragging,  EoadSf  etc. 
Tipplers,  399. 

rotary,  399. 
Trams,  226. 

Transmission  of  power.    See  Poioer, 
Trap  doors  for  ventilating   currents, 
847. 


Trap  doors,  automatic,  848. 

Travelling  belts,  401. 

Trepans,  55,  57. 

Triger's  method  of  sinking,  52. 

Triping  coal,  94. 

Trough  coal  washing  machine,  409. 

Trough  fault,  3. 

Tubbing,  88. 

corrosion  of,  40. 

formulae  for  finding  thickness  of, 
37,  40. 
Tubes  for  lining  bore-holes,  19. 
Tubs,  226,  227. 

Underground  surveying,  426. 
Unstratified  rocks,  2. 
Upthrow  fault,  3. 

Valve  GEAR,  Davey's  differential,  302. 
Valves,  for  compressors,  102. 

for  pumps,  278. 
Vees,  3,  13. 
Ventilation,  318-371. 

air  crossings,  347. 

air  currents,  320,  347. 

air  pipes,  352. 

by  falling  water,  328. 

by  fans,  cost  of,  334. 

brattices  used  for,  351. 

close  drifts,  350. 

cost  of  fuel  for,  334. 

during  shaft-sinking,  65. 

furnace,  329. 

furnaces,  330. 

guiding  currents,  326. 

hurdle  screens,  362. 

natural,  327. 

position  of  furnace,  329. 

problems,  formulae  for,  332. 

problems,  fans,  344. 

size  of  fan  required,  332. 

speed  of  air  in  upcast,  831. 

trap  doors,  347. 

See  also  Fans. 
Vernier  compass,  428. 
Vertical  seams,  working  of,  139,  141. 
Visor,  221. 

Walker's  detaching  hook,  213. 
Walling  crib  or  cradle,  33. 

roads,  168-172. 

cost  of,  171. 
Ward  and  Lloyd's  clip,  260. 
Washing  coal,  407-417. 

bash  washer,  407. 

Baum's,  416. 

Elliot's,  409. 

felspar,  414. 
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Washing  codl,--c(mMnued. 

Ltihrig  &  Copp^e's,  412. 

Murton's,  409. 

Robinson's,  411. 

trough,  409. 
Water  cartridge,  73. 

ring,  87. 

tapping  waste  for,  26. 

vapour  in  air  of  mines,  320. 
Wedges,  mechanical,  77. 

Burnett's,  77. 

Elliot's  multiple,  79. 
Welsh  system  of  timbering,  187. 
West's  hook,  214. 
Westfalite,  71,  73. 
Wet  compressors,  100. 

moss  for  cartridges,  74. 

sand  for  cartridges,  74. 
White  damp,  322. 
Winding,  180. 

Koep^'s  system,  199. 
Winding  drums,  209. 
Winding  engines,  185,  221, 


Winding  engines,  position  of,  188. 

seats  for,  189. 

speed  of,  188. 
Windmg  ropes,  200. 

dresisings  for,  192. 

life  of,  192. 

lubricating,  192. 

quality  of  wire  for,  191,  192. 
Wire  ropes.    See  Hopes, 
Wolf  safety  lamp,  377. 
Wolf-Dahlmann  safe^  lamp,  377. 
Wood  chocks,  166,  156. 

for  pithead  frames,  182. 

guides  for  cages,  201. 

lining,  cost  of,  47. 

preparation  of,  for  lining,  46. 
Wood  and   Burnett's  rotwy  tippler, 

399.  ^^ 

Wooden  kibbles,  68. 

rods  for  boring,  14. 

tubs,  226,  227. 
Working,  methods  of.     See  Methods  of 
Working. 
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26  CHARLES  ORIFFIN  A  CO:S  PUBLICATIONS, 

Second  Edition,  Revised.     With  very  numerous  Diagrams^  ExampkSt 
and  Tables.     Large  Svo.     Cloth.     i6j. 

THE  DESIGN  OF  STRUCTURES: 

A  PPAOtloal  Tp«atl0«  on  th«  Building  of  Bpld«««, 
Rooita,  4M»% 

By    S.    ANGLIN,   C.E., 

Muttr  of  Engineering,  Royal  University  of  Ireland,  late  Whitworth  SchoUur,  te. 


The  leading  features  in  Mr.  Anglin's  carefully-planned  *'  Design  of  Stni»* 
tares  "  may  be  briefly  summarised  as  follows : — 

1.  It  supplies  the  want,  long  felt  among  Students  of  Engineering  and 
Architecture,  of  a  concise  Text- book  on  Structures,  requiring  on  the  part  ol 
the  reader  a  knowledge  of  Elementary  Mathematics  only. 

2.  The  subject  of  Graphic  Statics  has  only  of  recent  years  been  generally 
applied  in  this  country  to  determine  the  Stresses  on  Framed  Structures ;  and 
in  too  many  cases  this  is  done  without  a  knowledge  of  the  principles  npoA 
which  the  science  is  founded.  In  Mr.  Anglings  work  the  system  is  explained 
from  riRST  PRINCIPLES,  and  the  Student  will  find  in  it  a  valuable  aid  m 
determining  the  stresses  on  all  irr^ularly-firamed  structures. 

3.  A  large  number  of  Practical  Examples,  such  as  occur  in  the  everr-day 
experience  of  the  Engineer,  are  ^ven  and  carefidly  worked  out,  some  being 
solved  both  anaiytically  and  graphically,  as  a  guide  to  the  Student. 

4.  The  chapters  devoted  to  the  practical  side  of  the  subject,  the  Strength  of 
Joints,  Punchmg,  Drilling,  Rivetting,  and  other  processes  connected  with  the 
manufacture  of  Bridges,  R00&,  and  Structural  work  generally,  are  the  result 
of  If  any  years'  experience  in  the  bridge-yard ;  and  the  information  gives 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practical 
bridge-builder. 


*'  Studenu  of  Engineering  will  find  this  Text-Book  imvaluablk."— >f  rriU!^/. 

*'The  author  has  certainly  succeeded  in  producing  a  thoroughly  rKAcricAL  T«il> 
Book."— ^«tVi^^. 

"We  can  unhesitatingly  recommend  this  work  not  only  to  the  Student,  as  tiM  anr 
Tbxt-Book  on  the  subiect,  but  also  to  the  professional  engineer  as  an  EXCRBDUMUr 
VALUABLE  boolc  of  reference.**— J)/tfcAaMM»/  Wfid. 

"This  work  can  be  confidsntlv  recommended  to  engineers.  The  author  has  niiil^ 
chosen  to  use  as  little  of  the  higher  mathematics  as  possible,  and  has  thus  made  his  book  af 
x»AL  USB  TO  TMB  PRACTICAL  SNGIMKBR.  .  .  .  After  carcfoi  peTUsal,  we  have  Dothipg  hel 
praise  for  the  work.*'^iVk/wyv. 
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BNQINEBRINQ  AND  MECHANICS. 


Third   Edition,    Thoroughly   Revised,      Royal  Stw.       WUh  numtrous 
Jllustratims  and  13  Lithosrraphic  Plata.     Handsomt  Cloth.     Price  30*. 

A    PRACTICAL    TREATISE    ON 

BRIDGE-CONSTRUCTION: 

Being  a  Text-Book  on  the  Constraction  of  Bridges  in 
Iron  and  SteeL 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 
By  T.   CLAXTON     FIDLER,    M.  Inst.  C.K, 

Prof,  of  En^eering:,  University  College,  Dundee. 


GENERAL  CONTENTS. 


Part  I. —Elementary  Statics  :— Definitions— The  Opposition  and 
Balance  of  Forces — Bending  Strain —The  Graphic  Representation  of  Bending 
Moments. 

Part  II.— General  PRiNcrpLEs  of  Bridge-Construction  : — The 
Comparative  Anatomy  of  Bridges — Combined  or  Composite  Bridges — 
Theoretical  Weight  of  Bridges  — On  Deflection,  or  the  Curve  of  a  Bended 
Girder — Continuous  Girders. 

Part  III. — The  Strength  ok  Materials  :— Theoretical  Strengjth  of 
Columns — Design  and  Construction  of  Struts — Strength  and  Construction  of 
Ties — Working  Strength  of  Iron  and  Steel,  and  the  Working  Stress  in 
Bridges — Wohler*s  Experiments. 

Part  IV. — The  Design  of  Bridges  in  Detail: — The  Load  on 
Bridges — Calculation  of  Stresses  due  to  the  Movable  Load — Parallel  Girders — 
Direct  Calculation  of  the  \Veight  of  Metal — Parabolic  Girders,  Polygonal 
Trusses,  and  Curved  Girders — Suspension  Bridges  and  Arches  :  Flexible 
Construction — Rigid  Construction — Bowstring  Girders  used  as  Arches  or  as 
Suspension  Bridges — Rigid  Arched  Ribs  or  Suspension  Ribs — Continuous 
Girders  and  Cantilever  Bridges — The  Niagara  Bridge — The  Forth  Bridge — 
Wind- Pressure  and  Wind-Bracing  :  Modem  Experiments. 

"Mr.  FiDLEB's  BUCOESS  arises  from  the  combination  of  exferienob  and 
fincPLloiTT  OP  TREATMENT  displayed  on  every  page.  .  .  .  Theory  is  kept  in 
subordination  to  Practice,  ana  his  book  is.  therefore,  as  useful  to  giraer-m&kem 
as  to  students  of  Bridge  Construction."—  Tht  Architect, 

**  Of  late  years  the  American  treatises  on  Practical  and  Applied  Mechanic 
bare  taken  the  lead  .  .  .  since  the  opening  up  of  a  vast  continent  haf 
giTen  the  American  engineer  a  number  of  new  bridge --problemB  to  so1t« 
.  .  .  but  we  look  to  the  present  Treatise  on  BRjpaB-GoNSTRnoTiON,  and 
the  Forth  Bridge,  to  bring  us  to  the  front  again  .''—.^n^rmesr. 

'*  One  of  the  vbrt  best  recent  works  on  the  Strength  of  Materials  and  iti 
application  to  Bridge-Construction.  .  .  Well  repays  a  careful  Study.'*— 
Mm§m0ermff. 

''An  indispensablb  handbook  for  the  practical  Engineer.  "—i^a^tK. 
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I  OBARLMa  QMIFFIN  S  OO.'M  PffMMATiOWM. 

Works  by  BRYAN  DONKIN,  M.Inst.C.E.,  M.Iiist.MeclLE.,  &e. 


Third  Edition,   Revised   and   Enlarged.      With  addidmml 
Illustrations.      Large  8vo,  Handsome  Cloth.      25s. 

GAS,  OIL,  AND  AIR  ENGINES: 

A  Practical   Text -Book  on    Internal    Combustion   Motors 

without  Boiler. 

By  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Mech.E. 

Gbncral  Contknts.— Gas  Engines  :— General  Description— History  and  Develop 
■lent — BritLsh,  French,  and  German  Gas  Engines — Gas  Production  for  Motive  Power — 
Theory  of  the  Gas  Engine — Chemical  Composition  of  Gas  in  Gas  Engines'  ■  UtiUsatioB  of 
Heat— Explosion  and  Combwition.  Oil  HotOPS :— Histoy  and  Development— Varkmt 
Types— Pnestman's  and  other  OU  Engines.  Hot-AiP  En0iB«S :— History  and  Develop- 
ment— Various  Types :  Stirling's,  Ericsson's,  &c.,  &c 

"The  BBST  BOOK  Kow  PUBUSHBD  on  Gas,  Oil,  and  Air  Engines.  Will  be  of 

VBKY  GREAT  INTBRBST  to  the  numerous  practical  enidneers  who  have  to  make  themselves 
familiar  with  the  motor  of  the  dajr.     .     .     .     Mr.  Donkin  has  the  advantage  of  LONG 

PRACTICAL  KXPERIENCE,  combined  with  HIGH  SCIBMTIFIC  AND  BXPBRIMBNTAL  KNOWLEDCS, 

and  an  accurate  perception  of  the  requirements  of  Engineers.*— 7^A^  Engifuer. 

"We    HEARTILY    KBCOMMEND    Mr.   Donkin's  work.    ...    A   monument  of  car«lttl 
UWur.    .    .    .    Luminous  and  comprehensive." — ycnrMalofGrntLigkHmg, 
"  A  thoroughly  khliable  and  exhaustive  Treatise." — Et^tutrmg, 


In  Quarto,  Handsome  Cloth.     With  Numerous  Plates.     25s. 

THE  HEAT  EFFICIENCY  OF  STEAM  BOILERS 

(IJLND«   MARINS,   AND   LOCOMOTIVB). 

With  many  Tests  and  Experiments  on  different  Tjrpes  of 

Boilers,  as  to  the  Heaung  Value  of  Fuels,  &c.,  with 

Analyses  of  Gases  and  Amount  of  Evaporatlcm, 

and  Suggestions  for  the  Testing  of  Boilers. 

By    BRYAN    DONKIN,    M.Inst.C.E. 

General  Contents. — Classification  of  diflferent  Types  of  Boilen— 
425  Experiments  on  English  and  Foreign  Boilers  iinth  their  Heat  Efficiendei 
shown  m  Fifty  Tables— Fire  Grates  of  Various  Types— Mechanical  Stokers — 
Combustion  of  Fuel  in  Boilers — Transmission  of  Heat  through  Boiler  Plates, 
4Hid  their  Temperature — Feed  Water  Heaters,  Superheaters,  Feed  Pumps, 
Ac — Smoke  and  its  Prevention — Instruments  used  in  Testing  Boilers — 
Marine  and  Locomotive  Boilers — Fuel  Testing  Stations — Discussion  of  the 
Trials  and  Conclusions — On  the  Choice  of  a  Boiler,  and  Testing  of  Land, 
Marine,  and  Locomotive  Boilers — Appendices — Bibliography — Index. 
With  Plates  illusiraiing  Progress  made  during  the  present  Cemiury, 
ahd  the  best  Modem  Practice. 

**A  woBK  or  RBiaBurcB  at  prkskkt  uni<)ub.  Will  giTe  mi  anMrer  to  alraoil  any 
^laeation  oonnected  with  the  performance  of  boilerftliat  it  uposaiUe  to  aak.**<— Aiy^iiMr. 

**  Probably  the  most  exhaustivk  resume  that  has  erer  Deen  collected.  A  iwiBiniili 
Book  by  a  thoroughly  practical  man."— /ron  and  Coal  Tradu  JUview. 

LONDON:  CHARLES  GRIFFIN  &  C(L  LIMiTEO.  EXCTffi  &TAEEI.  aXiMli 


MJfrOilNBERING  AND  MmOSAimB.  39 

Tmm^  Svxnov,  lUwind  amd  Enlmrgtd.     Poekti^ais*,  Lamihtr^  12*.  M.;  «{»•  iMrmr  Mmf^r 

OJki  Use,  Cloth,  13«.  6dL 

Boilers,  Marine  and  Land: 

THOR  COHSTRUCTION  AND  STRENGTH. 

▲  HkOfBVMK  OV  RUIKS,    FOBMUUBy  TASLM,  ^.,   BBLATIVS  TO   MJABRIA^ 

8(UineuiiQ«»  Ain>  Pbmsubk,  &junxr  Valybs,  Spbikos, 

FinvNOfl  A»i>  MoFimNOB,  &a 

FOR  THE  USE  OF  ENGINEERS,  SURVEYORS,  BOILEH-MAKEBS, 

AND  STEAM  USERS. 

Bt  T.  W.   TRAILL,   M.In8T.O.E.,   F.KR.N*, 

L«te  Bnctneer  Sunjofr-iB-Ohier  to  the  Boftrd  of  Trmd«. 

*«*  To  THK  Second  and  Thibd  Editions  many  New  Tables  for  PBX88UBat 
up  to  200  Lbs.  per  Squaub  Inch  hav€  been  added. 

MTAAU  WOBK  on  Bollen  pabliahed  in  England. "^S^ippinir  WorUL 


Contaim  an  Enormous  Qcaxtitt  of  iNroRMATioir  arrranged  in  a  very  convenient  form.    .• 
A  MOST  xmaanrL  volumb    .    .    .    gupiiiying  information  to  be  had  nowliere  else."— ZV^  Engimeer, 


Lai^e  Crown  8vo.     With  numerous  Illustrations.     Gs. 

ENGINE-ROOM    PRACTICES 

4  Handbook  for  Engineers  and  Officers  in  the  Royal  Havy 

and  Mereantile  Marine,  Including  the  Management 

of  the  Main  and  Auxiliary  Engines  on 

Board  Ship. 

By    JOHN    G.    LIVERSIDGE, 

Xngliteer,  E.N.,  A.M.I.C.E.,  Instructor  in  Applied  Mechanics  at  the  Boyal  Nayal 

College,  Greenwich. 

Oontentt.—Qeneml  Description  of  Marine  Machinery.— The  Conditions  of  Service  and 

Datlaa  of  Engineers  of  the  Royal  Navy  —Entry  and  Conditions  of  Service  of  Engineers  of 

ihe  Leading  S.S.  Companies.— Baisin^  isteam  —Duties  of  a  Steaming  Watch  on  Engines 

'«Bd  B«Uers.— Shutting  off  Steam.— Harl>oar  Duties   and   Watches.- Adjustments  end 

'  Bepein  of  Engines.- Preservation  and  hepaira  of  "Tank"  Boilers.— The  Hull  and  fta 

nttings.— Cleaning  and  Painting  Machinery  —Reciprocating  Pumps,  Feed  Heaters,  and 

Antomatic    Feed -Water    Begnlators.  —  Evaporators.  —  Steam    Boats.  —  Electric    Light 

Machinery. — Hydraulic   Machinery.— Air-Compressing  Pumps— Refrigerating  Machines. 

^-Haohinery  of  Destroyers.- The  Management  of  Water-Tube  Boilers.— Begalations  for 

Entry  of  AssiBtant  Engineers,  B.N.— Questions  given  in  Examiuations  for  Promotion  of 

Bngineers,  B.N.— Regulations  respecting  Board  of  Trade  Examinations  for  Engineers,  Ae. 

**  Tile  contents  cannot  wail  to  be  appkkciatkd."— 77to  SUatfuMp. 

**  This  TUT  USiVlTL  BOOK.      .     .      .      I  IXUSTIUkTIONS  are  of  GKKAT  UIPOBTAKOX  in  I   . 

4f  tUs  Und,  and  it  is  satiafactory  to  find  that  speciai.  ▲TTK^TIOK  has  been  given  In  I 
cwpeot.**— Ai^tiiMri'  Oaxette. 


In  Crown  8vo,  extra^  with  Numerous  HlwtrcUionB,     [SkorUif, 

GAS    AND   OIL    ENGINES: 

An  Introductory  Text-Book  on  the  Theory,  Design,  Constnietion, 
and  Testing  of  Internal  Combustion  En^es  without  Boiler. 

FOR  THE   USE   OF   STUDENTS. 

By  Prof.  W.  H.  WATKINSON,  Whit.  Sch.,  M.lNST.MJKJHi, 

aissgow  and  West  of  Scotland  Technical  CoUsgsi 

lONBON :  CHARLES  GRIFFIN  ft  CO..  LIMITED,  EX£TER  STREET,  8TRAN1I. 
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Second  Edition,  Revised.      With  nmneroiis  Plates  redaoed  from 
Working  Drawings  and  280  Illustratioiui  in  the  Text.     21b. 

A     MANUAL     OF 

LOCOMOTIVE    ENGINEERINGS 

A  Praetieal  Text-Book  for  the  Use  of  Engine  Builders* 

Designers  and  Draughtsmen,  Railway 

Engineers,  and  Students. 

BY 

WILLIAM  FRANK  PETTIGREW,  M.Inst.CE. 

With  a  Section  on  American  and  Continental  Engines. 

By  albert  F.   RAVENSHEAR,   B.Sc, 

Of  His  Majesty's  Patent  CMBee. 

CoiKcn^.  —  Historical  Introd action,  1763-1868.  — Modem  LooomotiTes :  Simple. -* 
Modem  Locomotives:  CompouDd.  -  Primary  Consideration  in  LocomotiTe  Design.— 
Orlinden,  Steam  Ohests,  and  Stuffing  Boxes.— Pistons,  Piston  Bods,  Croesheads,  and 
SUde  Bars.— Connecting  and  Couplin^r  Bodn.— Wneels  and  Axles,  Axle  Boxes,  Homblocks, 
and  Bearing  Springs.— Balanoin^.—VaWe  Qear.— Slide  Yai-ves  and  VaUe  Gtear  Detaila— 
Framing,  Bogies  and  Axle  Trucks,  Badial  Axle  Boxes.— Boilers.— Smokeboz.  Blast  Pipe^ 
Firebox  Fittings.— Boiler  Mountings.— Tenders.  -  Railway  Braken.— Lubrication.— Con- 
sumption of  FueU  Evaporation  and  Engine  iLfBoiency.— American  Locomotives —Con- 
tinental Locomotives.— Repairs,  Sunning,  Inspection,  and  Renewals.— Three  Appendloes. 
.Index. 

**  Likely  to  remain  for  many  years  the  Stahdard  Work  for  those  wishing  to  leam 
Dt^TL'*— Engineer. 

"  A  most  intet  eating  and  valuable  addition  to  the  bibliography  of  the  Locomotive.'*— 
Bailvay  Oficial  Qatetit. 

"  We  recommend  the  book  as  TBORorr.HLT  fbactical  in  its  character,  and  uxarmm  a 
FLACZ  IK  ANT  COLLXCTION  of    .    .    .    works  ou  Locomotive  Engineering."— Aaifwoy  iftw9. 

**The  work  contains  all  that  can  bs  lxabnt  from  a  book  upon  snch  a  subject  It 
will  at  once  rank  as  ths  standabo  work  upon  this  important  subjcct.*'- Aai/way  Magtutin; 


In  Large  8vo.     Handsome  Cloth.     With  Plates  and  Illustrations.     169. 

AT  HOME  AND  ABROAD. 

By   WILLIAM   HENRY   COLE,   M.Inst.O.R, 

Late  Deputy-Manager,  North- Western  RaUway,  India. 
Confute. —Discussion  of  the  Term  **Li^ht  Railways."— English  Railwm^ 
Rates,  and  Farmers.  —  Light  Railways  in  Belgium,  France,  Italy,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland. —Road  Trans- 
port as  an  alternative.— The  Light  Railways  Act,  1896. — The  Question  of 
Gauge. — Construction  and  Working. — Locomotives  and  Rolling-Stock. — light 
Railways  in  England,  Scotland,  ana  Wales. — ^Appendices  and  Index. 

'*lfr.  W.  H.  Cole  has  brought  together  ...  a  larob  auoont  of  valuablk  infobiu- 
nOK    .    .    .    hitherto  practically  inaccesMible  to  th(»  ordinary  reader."— T'imef. 

**  Will  remain,  for  some  time  yet  a  Standard  Work  in  everything  relating  to  Light 
Railways.  "—An^tn««r. 

'*  Ine  author  has  extended  practical  experience  that  makes  the  book  lucid  and  nsefol. 
Ik  is xxossDoiGLT  Well  ^OJOQ."— Engineering. 

** The  whole  subject  is  exhaustively  and  practicallt  considered.  The  work  can  be 
cordially  recommended  as  inpispknsablb  to  those  wbose  duty  it  is  to  become  acquainted 
with  one  of  the  prime  necessities  of  the  immediate  future.*' — Railway  O^iai  Oautte. 

**Thsrs  could  be  no  bbttbr  book  of  first  reference  on  its  subject  All  cUsaas  of 
Engineers  will  welcome  iu  appearance."— Seo^xmTn. 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET.  STRAND. 


ENOINEERINQ  AND  MECHANICS.  ^ 

Second  Edition,  Bevised.     With  Numerous  Blustrations. 
Price  78.  6cL 

VALVES  AND  VALVE-GEARING: 

INCLUDING   TEE    CORLISS   VALVE  AND 
TRIP  GEARS. 

BY 

CHARLES   HURST,   Practical  Draughtsman. 

**  Oosan  explanations  illustrated  by  116  tbrt  clxab  diagrams  and  drawings  and  4  foldia#' 
.    .    the  book  fulfils  a  valvablb  function."— ^(Aefuewm. 


"Mb.  HmiBT's  valtbs  and  valtb-obarino  will  prove  a  very  valuable  aid,  and  tend  to  Oh* 
Iirodaotion  of  Engines  of  BGi  BNTir ic  DBSiQM  and  BConoxicALWOBKiKQ.  .  .  .  Will  be  largeli' 
aoa^t  after  by  Students  and  Designers."— If ariwe  Engineer. 

**  UsBVOL  and  tbobouohlt  practical.  Will  undoubtedly  be  found  of  orbat  talub  to 
mU  oonoemed  with  the  design  of  Valye-gearing."— i/ecAontea/  World. 

**  Alinoet  BTBBT  TTPB  of  VALVx  and  its  gearing  is  clearly  set  forth,  and  illoBtrated  1» 
aoeh  a  wmy  as  to  be  bbapilt  un dkbstood  and  fracticallt  appued  by  either  the  Engineer, 
DrMghtsmsn,  or  Student  .  .  .  Should  prove  both  useful  and  valuablb  to  all  Englneera 
•eeldng  for  bbuablb  and  clbar  information  on  the  subject.  Its  moderate  price  bringarit 
within  the  reach  of  •}L"~-Jndu*tries  ana  Iron. 

**  Mr.  Hubst's  work  is  adkibablt  suited  to  the  needs  of  the  practical  mechanic.  .  .  . 
It  It  free  from  any  elaborate  theoretical  discussionB,  and  the  explanations  of  the  Tarlowa 
type*  of  Talve-gear  are  accompanied  by  diagrams  which  render  them  KAsar  uhdbsstoo*.*' 
— 1%<  Sdentifk  American. 


JUST  OUT.     Paper  Boards,  Svo.,  Cloth  Back.     Price  Is.  6d. 

HINTS     ON 

steam  Engine  Design  and  Constrnction, 


AUTHOR  OF  "VALVES  AND  VALVR  GEARING." 

WITH      NUMEROUS      ILLUSTRATIONS. 

CONTENTS. 


I.  Steam  Pipes. 
II.  Valves. 

III.  Cylinders. 

IV.  Air  Pomps  and  Condensers. 
V.  Motion  Work. 


VI.  Crank  Shafts  and  Pedestals. 
VII.  Valve  Gear. 
VIII.  Lubrication. 
IX.  Miscellaneous  Details. 
Index. 


^A  handy  Tolnme  which  every  practical  young  engineer  should  possess.'*— 7%<  Modr7 
Xnffineer. 

LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRANG 


Important  New   Work.     21«. 
Large  8to,  Handsome  Cloth.     With  IlhistrstioiB,  Tables,  ftc. 

Lubrication  &  Lubricants: 

A   TREATISE   0«   THE 
THEORY  AND  PRACTICE  OF  LUBRfCAtTlON 

AND   ON   THE 

NATURE.   PROPERTIES,   AND  TESTING   OF  LUBRICANTS. 

Bv  LEONARD  ARCHBUTT,  F.LC,  F.C.S., 

Chemist  to  the  Midland  Bailir^y  Companjr. 
AND 

R.    MOUNTFORD   DEELEY,    M.I.M.E.,    F.G.S., 

MidlaQd  Bailway  Locomotive  Department. 

Contents. —I.  Friction  of  Solids.— II.  Liquid  Friction  or  Vigcoeity,  and  Plastic 
Friction.— ni.  Superficial  Tension.— IV.  Bie  Tlieory  of  Lubrication.— v.  LabricanU, 
■their  Sources,  Preparation,  and  Properties.— VI.  Phjsical  Properttea  and  Mettioda  of 
Examination  of  Lubricants.— VII.  Chemical  Properties  and  Methods  of  Examination 
•of  Lubricants.— VIIL  The  Systematic  Testing  of  Lutoicants  by  Pliysioal  aad  Caiemlcal 
Methods.- IX.  The  Mechanical  Testing  of  Lobiicantft.- X.  The  Design  and  Lubrioation 
of  Bearings.— XI.  The  Lubrication  of  iJachinery.— INDBX. 

"  Destined  to  become  a  classic  on  the  subject."— InduftrtM  and  Iron. 

"Contains  pnustically  all  that  is  known  on  the  subject.  Desenres  tlM oanfal 
^attention  of  all  Engineers."— jRaiiicay  OffieieU  Guide. 


Third  Edition.     Fery  yWly  lUuatrmud.    Oloth^  4a.  mL 

STEAM  -  BOILERS! 

THT.TK    DEFXOTS,    MAMAOBMSMT,   AND    OGNSTRUOTIOll. 
By    R    D.    MUNRO, 

Chi^  Engineer  of  the  Scottish  Boiler  Inturcmee  and  Engine  Ingpeetion  Companj. 

General  Contents.— I.  Explosions  caused  (i)  by  Overheating  of  Plates — (»)  By 
Defective  and  Overloaded  Safety  Valves — (3)  By  Corrosion,  Internal  or  External— (4)  By 
©efective  Design  and  Construction  (Unsupported  Flue  Tubes ;  Unstrengthened  ManJboks ; 
Defective  Staying ;  Strength  of  Rivetted  Joints ;  Factor  of  Safety)— IL  CoNSTKUcnoK  •P 
VflRTiCAL  Boilebb:  Shells- Crown  Plates  and  Uptake  Tubes— Man-Holes,  Mud<A«i«s, 
^uid  Fire-Holes — Fireboxes  —  Mountings  —  Maaagencnt — Clcaninjg — Table  of  Buarttog 
Pressures  of  Steel  Boilers — Table  of  Rivetted  Joints — Specifications  and  Drawings  01 
Lancashire  Boiler  for  Working  Pressures  {a)  80  lbs. ;  (3)  aoo  lbs.  per  square  inch  respectiTebr. 

"  A  valuable  companion  for  workmen  and  engineers  engaged  about  Steam  Boilers,  ought 
to  be  carefully  studied,  and  always  at  hand." — Col/,  Guardian. 

"  The  book  is  very  useful,  especially  to  steam  users,  artisans  and  yoting  En^^eers." — 
Engineer.  

BT  THS  SAMK  AUTHOflU 

KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence.  A  Practical  Hand- 
book based  on  Actual  Elxperiment.  With  Diagrams  and  Coloured  Plate» 
Price  3s. 

NYSTROM'S  POCKET-BOOK  OF  MECHANICS 

AND  ENGINEERING.    Revised  and  Corrected  bj  W.  Dmms  ] 
Ph.B.,  C.E.  (YALE  S.S.S.),  Whitnev  Professor  of  Dynamical  V 
UniTersity  of  Pennsylvania.     Pocket    Size.      Leather,    15s. 
FIRST  EDITT077,  Revised  and  fptaAj  enlaispd. 

LONDON :  CHARLES  GRIFFIN  ft  CO.,  LIMITED,  EXETER  STREET,  STRAHOL 


EJmiNMMBIim  AlfD  MmJOdNMA  n 

Fifth  Edition.     Folio,  itnni^  half-bound,  2i/. 

TRAVERSE  TABLES: 

Computed  to  Four  Places  of  Dacimals  for  every  Minute 
of  Angle  up  to  100  of  Distance. 

For  the  use  of  Surveyors  and  Engineers. 


RICHARD  LLOYD   GURDEN, 

Authorised  Surveyor  for  the  Goirenimeats  of  New  South  Wales  and 
Victoria. 

*«*  FtMskid  witk  the  (Uncmrmce  of  tht  Surveyors- Gtmral  for  Ntm  South 
Wales  and  Victoria, 

**Thotc  mk^ktan  <gyri<ooe  in  exact  Sumnnr-woitK  will  best  know  how  to  appredmte 
ibe  mmamaat,  asaminr  of  labour  refveacuted  by  this  Tahiable  boolc  The  comiMiUtions 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miks  to  within 
half  an  inch,  and  this  by  RBPSiucifcx  to  but  Onb  Tablb,  in  place  <A  the  usual  Fifteen 
minute  OHopvtatioBS  required,  llias  aloae  is  ovidenoe  of  the  assistance  which  the  Tables 
ennire  le  every  user,  and  as  erery  Surveyor  in  active  practice  has  felt  the  want  of  such 

'"'  FEW     KNOWING     OF     THBIR     PUBLICATION     WILL     REMAIN     WITHOUT    THEM." 

^ErngtHgtr, 


Thibd  Edition.     In  Two  Parts,  Published  Separately. 
A    TEXT-BOOK    OF 

Ei^iDtering  Drafing  and  Design 

Vol.  L — Peactical  G^bometry,  Plane,  and  Solid.     Ss. 

Vol.  II. — Machine  and  Engine  Drawing  and  Design.   4s.  6cL 

BY 

SIDNEY   H.    WELLS,    Wh.Sc, 


▲.X.IB8T.C.B.,  A.X.IHBT.MBCH.X.. 

^    jlytechnio  lnstitat«,  and  Head  of ^ _,^ 

tberein :  formerly  of  the  Bagineermg  Departments  of  the  Yorkshire  College. 


Frladpal  of  the  £attersea  Polvtechnio  lnstitat«,  and  Head  of  the  Ensineetiac  PepaiMaeat 

' 7  of  the  BBgineering  Departments  of  the  '^    '   "     "  — 

Leeds ;  and  Dolwich  Ck>lleire,  London. 


Wiih  mmmiy  Illustrations,  spedaUy  prepared  for  the  Work,  and 

J3aoamples,/or  the  Use  of  StudenU  in  Technicod  Schools  and  ColUges, 


*  A  THOBOUOHLT  USBTUL  WOBK,  exceedingly  well  written.    For  the  many  ] 

itioos  w«  have  nothing  but  pmise."— JV<itur«. 

"  A  OAPiTAK  TBXT-BOOK,  arranged  on  an  bxcbllbbt  stbtbv,  calculated  to  give  an  IntdligeBi 
■rasp  of  the  subject,  and  not  the  mere  facnltv  of  mechanical  copying.  .  .  .  Mr.  Wells  shows 
bow  to  BBaJce  COMJPLBTB  wojuciKa-OBAWiBOs,  aiscusaing  ftaiiy  each  aiep  in  the  iJiaiga,''-- JTlnf  i  i wf 


Is 


"The  flrsfc  book  leads  bisilt  and  batuballt  towards  the  second,  where  the  technical  pvyil 
brooght  Into  coakaet  with  large  and  more  complex  designs."— 31W  SekoolwMKUr. 


LONDON :  CHA«IE8  GfllFFIN  &  CO.,  LIHHTED,  EXETER  STREET,  STftMH). 
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WOBKS    BY 
ANDREW  JAMIESON,  M.Inst.CK,  M.I.E.E,  F.R.S.E., 

F^mterly  Professor  of  Electrical  Enzinterin.^^  Tkt  Glasgow  and  Wtst  of  Scotland 
Technical  ColUge. 


PROFESSOR  JAMIESON'S  ADVANCED  TEXT-BOOES. 

In  Large  Crown  8zv.     Fully  Illustrated, 

STEAM  AND  STEAH-ENGINES  (A  Text-Book  on). 

For  the  Use  of  Students  preparing  for  Competitive  ^Examinations. 
With  600  pp.,  over  200  Illustrations,  6  Folding  Plates,  and  numerous 
Examination   Papers.    Thirteenth  EDiTiON,  Revised.    8/6. 

"  Professor  Janueson  fascinates  the  reader  by  his  clbaknbss  op  conckption  and 
SIMPLICITY  OF  EXPRBSSION.     His  treatment  recalls  the  lecturing  of  Faraday.** — A  tAemtum, 

"  The  Bbst  Book  yet  published  for  the  use  of  Students.'*— i?>tfw##r. 

"  Undoubtedly  the  most  valuablb  and  most  complbtb  Hand-book  on  the  subject 
that  now  exists." — Marine  En^ifuer. 

MAGNETISM  AND  ELECTRICITT  (An  Advanced  Text- 
Book  on).  Specially  arranged  for  Advanced  and  "Honours"  Studentg. 
By  Prof,  Jamieson,  assisted  by  David  Robertson,  Jr.,  B.Sc. 

APPLIED  MECHANICS  (An  Advanced  Text-Book  on). 

Vol.  I. — Comprising  Part  I.:  The  Principle  of  Work  and  its  applica- 
tions; Part  II.:  Gearing.    Price  7s.  6d.     Third  lioiTiON. 
"Fully   maintains  the  reputatioa  of  the  Author— more  we  cannot  txyP^Prmet, 
Eniineer. 

Vol.  II. — Comprising  Parts  III.  to  VI. :  Motion  and  Energy;  Graphic 
Statics;  Strength  of  Materials;  Hydraulics  and  Hydraulic  Machinery. 
Second  Edition.    8s.  6d. 

"Wbll  and  lucidly  written."— 7'A*  Eneineer. 

•»*  Euch  of  the  above  volumes  is  complete  in  itself ^  and  sold  separately. 

PROFESSOR  JAMIESON'S  INTRODUCTORY  MANUALS. 

Crown  Svo.     IVith  lUustrations  and  Examinatum  Papers, 

STEAM    AND    THE    STEAM-ENGINE   (Elementary 

Manual  of).    For  First-Year  Students.   Eighth  Edition,  Revised.    3/6. 
*•  Quite  the  right  sort  of  w>oic.'*-'Engxneer. 
"  Should  be  in  the  hands  of  bvbrv  engineering  apprentice.**— /*ntr/£ra/  Engineer. 

MAGNETISM  AND   ELECTRICITT  (Elementary  Manual 

of).     For  First-Year  Students.     Fifth  Edition.    3/6. 

**  A  capital  text-book  .   .  .  The  diagrams  are  an  important  tcaLi\xn.'*'^choolmaster. 

*'  A  thoroughly  trustworthy  Text-book.  .  .  .  Arrangement  as  good  as  weQ 
can  be.  .  .  .  Diagrams  are  also  excellent.  .  .  The  subject  uiroughout  treated  as  an 
essentially  practical  one,  and  very  clear  instructions  given-*' — Nature* 

APPLIED    MECHANICS   (Elementary   Manual  of). 

Specially    arranged    for    First- Year    Students.       Fourth    Edition, 
Revised.     3/6. 
'*  Nothing  is  taken  for  granted.    .    .    .    The  work  has  very  high  quautibs,  which 
may  be  condensed  into  the  one  word  '  clear.'  **— Science  and  Art. 

A  POCKET-BOOK  of  ELECTRICAL  BULES  and  TABLES. 

FOR  THE  USB  OF  ELKCTRlCtANS  AND  ENGINEERS. 
Pocket  Size.     Leather,  Ss.  6d.     FifUenth  EiitU».    See  p.  43. 

LONDON :  CHARLES  GRIFFIN  A  UO..  LIMITED.  EXETER  STREET.  STRAND. 
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WORKS     BY 

W.  J.  HAGQDORN  RANKINE,  LL.D,  F.R.S., 

lMt9  R§giuM  ProfesMor  of  CluH  Engineering  In  the  Unloenlty  of  Qlaegom, 
THOROUGHLY  REVISED  BY 

"W.     J.     MILLAE,     C.E., 

Lmte  Secretary  to  the  Institute  of  Engineers  and  ShlpbuHdere  in  Seotiaml. 


A  MANUAL  OF  APPLIED  MECHANICS : 

Compriaiiis  the  Principles  of  Statics  and  Cinematics,  and  Theory  of 
Stmctures,  Mechanism,  and  Machines.  With  Numerous  Diagrams. 
Crown  8vo,  cloth,  12s.  6d.    Sixteenth  Edition. 


A  MANUAL  OF  CIVIL  ENGINEERING: 

Comprising  Engineering  Surveys,  Earthwork,  Foundations,  Masonry,  Car- 
pentry, Metal  Work,  Koads,  Railways,  Canals,  Rivers,  Waterworks^ 
Harbours,  &c.  With  Numerous  Tables  and  Illustrations.  Crown  8to 
eloth,  16s.    Twenty-First  Edition. 


A  MANUAL  OF  MACHINERY  AND  MILLWORK : 

Comprising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  Illustrated  with  nearly  300  Woodciili» 
Crown  8vo,  cloth,  128.  Gd.    Seventh  Edition. 


A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHEB 
PRIME  MOVERS: 

With  a  Section  on  Gas,  Oil,  and  Air  Engines,  by  Bryan  I>ONi:nf» 
M.InstC.E.  With  Folding  Plates  and  Numerous  IlliistratioiM. 
Crown  8vo,  cloth,  128.  6d.    Fourteenth  Edition. 

lONOON:  CHARLES  GRIFFIN  &  CO..  LIHITED,  EXETER  STREET.  STRAND, 


36  CHARLES  &ICIFFIK  <fr  OO.'S  MrmjieATIONS, 

Pior.  Rankinb's  Works— (C>M^ViM4^). 

USEFUL  RULES  AND  TABLES : 

For  Architects,  Builders,  Engineers,  Founders,  Mechanics,  Shipbmld«rs» 
Surveyors,  &c.  With  Appsndix  for  the  use  of  Electrical  ENOiNXUUk 
By  Professor  Jamieson,  F.11.S.E.     Seventh  Edition.     lOs.  6d. 


A  MECHANICAL  TEXT-BOOK: 

▲  Practioal  and  Simple  Introduction  to  the  Study  of  Meohanios.  By 
Professor  Rankine  and  E.  F.  Bambeb,  O.E.  With  Numerous  Illa»> 
trations.    Crown  Svo,  doth,  ds.     Flbth  Edition. 

%*  Th»  **MBoiiMrroAL  TxxT-BooK**  «M«  dmigmd  kp  Proftssor  Bameimi  «•«•  Ina»> 
maonom  to  th»  abo^  Striu  of  MmnuaU. 


MISCELLANEOUS  SCIENTIFIC  PAI4SRS. 

Royal  Svo.     Cloth,  31s.  6d. 

Part  I.  Papers  relating  to  Temperature,  Elasticity,  and  Expansion  of 
Yapours,  Liquids,  and  Solids.  Part  IL  Papers  on  Energy  and  its  Tiana- 
formations.     Part  III.  Papers  on  Wave-Forms,  Propulsion  of  Vessels,  ko. 

With  Memoir  by  Professor  Tait,  M.A.  Edited  by  W.  J.  llnj.AK»  O.E, 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams. 

**  No  aucecadiiniig  Memorial  of  Profeaor  Bjnldne  could  be  doiiyddMrn  iIm  ptMm^ 
Itam  oC  thete  pepen  in  an  acceanUe  foim.  .  .  .  The  O^lectkm  is  most  rahuthle  cm 
aneoBt  of  the  nature  of  his  discoreries,  and  the  beaoty  and  cooqsletenaw  of  hit  — lyiia. 
.  .  .  The  Volume  exceeds  io  iwpwfinn— y  woric  la  the  tamo  deyei laeat  r-*^"-*-  - ^ 
in  mar  ^xmor—ArckiUct, 


SHELTON-BEY  (W.  Vincent,  Foreman  to  tfce 

Imperial  Ottcmian  Gun.  Factories,  Comtttatittople) ; 

THE  BfBCHANIC'S  GUIDE:  A  Ii0id*Book  for  Enginem  Mi 
Aitisans.  With  Copious  Tabksand  ^duaftie  Recipes  for  Vtmii^alVwt, 
lUnstrated.    Stcond  EdiiUn.    Crown  Sro.    CloOi,  7/S. 

IWDM :  CRMkES  GRIFFIN  ft  CO.,  LIMITED/  EXETER -STREET.  anWMtt 


WKOIITEERING  AND  MBCHANIOa.  37 

IMPORTANT  NEW  WORK.     JUST  OUT. 

In  Large  Swo,  Handsome  Cloth.      With  Front'n^piect,  several  Plates, 
and  over  250  Illustrations.     2\s. 

THE  PRINCIPLES  AND  CONSTRUCTION  OF 

PUMPING  MACHINERY 

(STEAM  AND  WATER   PRESSURE), 

Witiki  Pr»«tioal  Ulostrationfi  of  £nginss  and  Pumps  applied  to  MiinN6> 

Town  Water  Supply,  Drainage  of  Landa,  &c.,  also  Economy 

and  Efficiency  Trials  of  Pumping  Msbcbinery. 

By    henry    DAVEY, 

Member  of  the  Institation  of  Civil  Engineers,  Member  of  the  Institution  of 
Mechanic*!  Engineers,  F.G.S.,  &,c. 

Contents  — Early  History  of  Pumping  Engines — Steam  Pumping  Engines- 
Pumps  and  Pump  Valves — General  Principles  of  Non-Rotative  Pumping 
Engines — The  Cornish  Engine,  Simple  and  (compound — Types  of  ISIining 
Engines — Pit  Work— Shaft  Sinking — Hydraulic  Transmission  of  Power  in 
Mines — Valve  Gears  of  Pumping  Eimines — Water  Pressure  Pumping  Engine* 
— ^Water  Works  Engines — Pumping  Engine  Economy  and  Trials  of  Pumping 
Machinery  —  Centrifugal  and  other  Low-Lift  Pumps  —  Hydraulic  Rams, 
Pumping  Mains,  &c.- Index. 

"By  the  'one  Engliih  Engineer  who  probably  knows  more  about  Pumping  Machinery 

than   AKY    OTHBR.'     ...      A    VOLUUE    RKCORDIMQ    THR    RESULTS    OF  LONO  XXPIRIElfCK  A1XJ> 

STUDY." — The  Enffiwer. 
^'UndoiibtedlyTHB  best  and  most  practical  treatise  on  Pumping  Machinery  that  has- 

TBT  BBBN  FCBUSHBD."— i/tntni7  Jouilial. 


SJEOOJ/D  EDITIOJ^,   Bevised  and  Enlarged. 
In  Large  8vo,  Handsorne  cloth,  34s. 

HYDRAULIC   POWER 

AND 

HYDRAULIC  MACHINERY. 

BY 

HENRY    ROBINSON,    M.   Inst.  C.E.,  F.G.S, 

wwLLom  09  king's  collbgb,  lokdon  ;  PRor.  OP  cnriL  BHaimnmiGt 
king's  collkgb,  ktc,  ktc 

VUtb  tittmetou0  TROooDcutd,  and  Sfsts«>ntnc  putci* 

"  JL  BMk  of  gnat  Profagriomil  UMlulnea*."— /rww. 

lOHOOH:  CHARLES  GRIFFIN  A  CO.,  LIMITED.  EXETER  STREET.  STRAND. 


^  OUARLm  OJUFflN  it  00:8  PUBLWATIO  SB. 

MoytU  899,  Hm499m9  Oltik,  26m. 
With  numerous  Illustrations  ana  Tables, 

THE    STABILITY    OF    SHIPS. 

BY 

SIR  EDWARD  J.  REED,  K.C.B.,  F.R.S..  M.P., 

ORGKT  or   TKX    IMPERIAL   OKDBKS    OF   ST.  STANILAUS   OF    RUSSIA ;    rKANCIS   JOMFH    OV 

AUSTRIA  ;    MRDJIDIR    OF    TURKEY ;    AND    RISING    SUM    OP    JAPAN ;    ▼ICM' 

PRESIDENT  OP  THE  INSTITUTION  OP  NATAL  ARCHITECTS. 

Id  order  to  render  the  work  complete  for  the  purposes  of  the  Shipbuilder,  whedbar  at 
or  abroad,  the  Methods  of  Calculation  introduced  by  Mr.  F.  K.  Barnes.  Mr.  Gbay» 


K[.  Rbbcm,  M.  Daymard,  and  Mr.  Benjamin,  are  all  giren  aeparateliTi  illustntad  \j 
Tables  and  woiked-out  examples.  The  book  contains  more  than  aoo  Diacram^  aad  m 
Slustrated  by  a  large  number  of  actual  cases,  derived  fiom  ships  of  all  descripCioas. 

••  Sir  Edward  Reed's  *  Staeilzt  r  or  Ships  '  is  inyaluablb.  The  Nayai.  Arghitett 
erill  find  brought  togetner  and  ready  to  his  hand,  a  mass  of  infoxmation  which  he  would  odias^ 
wise  have  to  seek  in  an  almost  endle^  variety  of  publications,  and  some  of  v^iich  he  wottU 
possibly  not  be  able  to  obtain  at  all  elsewhere." — SUtamski^ 


^THE  D££(iaN  AND  GONSTHUCTION  OF  SHIPS.  By  John 
Harvard  Biles,  M.Inst.N.A.,  Professor  of  Naval  Architecture  in  the 
University  of  Glasgow.  [In  Preparation* 


Just  out.      Illustrated  with  Plates,  Numerous  Diagrams,  and  Figures 
in  the  Text.     1 8s.  net. 

STEEL     SHIPS: 

THEIR    CONSTRUCTION    AND    MAINTENANCE. 

A  Manual  for  Shipbuilders,  Ship  Superintendents,  Students, 
and  Marine  Engineers, 

Bv   THOMAS   WALMON,   Naval  Architect, 

AUTHOR    OF    "  KNOW    YOUR    OWN    SHIP." 

Contents.— I.  Manufacture  of  Cast  Iron,  Wrought  Iron,  and  Steel. — Com- 
f)osition  of  Iron  and  Steel,  Quality,  Strength,  Tests,  &c.  II.  Classification  of 
iSteel  Ships.  III.  Considerations  in  making  choice  of  Type  of  VesseL — Framing 
^f  Ships.  IV.  Strains  experienced  by  Ships. — Methods  of  Computing  and 
Comparing  Strengths  of  Ships.  V.  Construction  of  Ships. — Alternative  Modes 
^)f  Construction.— Types  of  Vessels. — Turret,  Self  Trimming,  and  Trunk 
;Steamers,  &c. — Rivets  and  Ilivetting,  Workmanship.  VI.  Pumping  Arrange- 
ments. VII.  Maintenance. — Prevention  of  Deterioration  in  the  Hulls  of 
f^hips.— Cement,  Paint,  &c.  — Index. 


Second  Edition,  Cloth,  8s.  6d.     Leather,  for  the  Pocket,  Ss.  6cL 
ORIFFIN'S  ELECTRICAL  PRICE-BOOK :   For  Electrical,  CivU, 
Marine,  and  Borough  Engineers,  Local  Authorities,  Architects,  Railway 
Contractors,  &c.,  &c.     Edited  by  H.  J.  Dowsing. 

"  The  Elsctrical  Pricb-Book  kbmovbs  all  mystbxv  about  the  coet  of  Eloctriad 
Fower.  By  its  aid  the  bxpbnsb  that  will  be  eotailed  by  utilising  electricity  on  a  kigo  m 
•mall  scale  can  be  discovered." — Architect. 

LONDOM :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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Fourteenth  Edition,  RevlsecL     Priee  21«. 

Dtm^  Svo,   (Hotk.      With  Numeroui  lUuttratUmB^  reduced  ftrmm 

Working  Drawingi, 

A   MANUAL    OF 

MARINE  ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.  E.  S  E  A  T  0  N,  M.  Inst.  C.  E.,  H.  Inst.  Hech.  E., 
«  MJnst.N.A. 


GENERAL     CONTENTS. 


Part  L— Prineiples  of  Marine 
Propulsion. 

Part  II.— Principles  of  Steam 
Engineering. 

Part  m.— Details  of  Marine 
Engines:  Design  and  Cal- 

%*  This  Edition  includes  a  Chapter  on  Water- Tubs  Boilebs,  with  Illiistr»- 
tions  of  the  leading  Types  and  the  Revised  Kules  of  the  Bureau  VmiUu^ 


dilations  for  CyUnders^ 
Pistons,  Valves,  Expansion 
Valves,  &c. 

Part  IV.— Propellers. 

Part   v.— Boilers. 

Part  VI.— Miscellaneous. 


"Ib  the  three-fold  capacity  of  enabling  a  Student  to  learn  how  to  design,  construct, 
and  work  a  Marine  Steam- Engine,  Mr.  Seaton's  Manual  has  no  rital."— TlfiiiM. 

"The  important  subject  of  Marine  Engineering  is  here  treated  with  the  THOROuea- 
•ins  that  It  reauires.  No  department  has  escaped  attention.  .  .  .  Gives  the 
results  of  mucb  close  study  and  practical  work."— fn^tMmna. 

"By  far  the  BEST  Manual  m  existence.  .  .  .  Gives  a  complete  account  of  the 
methods  of  solving,  with  the  utmost  possible  economy,  the  problems  before  the  Marine 
Bngmeer.*'— ^^Amowm. 

"The  Student,  Draughtsman,  and  Engiiv^r  will  find  this  work  the  MOflS  taluablb 
Hahdbook  of  Reference  on  the  Marine  Engme  now  in  existence." — Marin§  Bniiinmr% 


Sixth  Edition,  Revised.    Pocket-Size,  Leather.    Ss.  6d. 
A  POCKET-BOOK   OP 


MARINE  ENGINEERING  ROLES  AND  TABLES, 

FOR  THE  USB  OP 

Marine  Engineers,  Naval  Architects,  Desijerners,  Draughtsmen* 
Superintendents  and  Others. 

BY 

A.  K  SEATON,  M.I.O.E.,  M.I.Mech.K,  M.I.N.A., 

AND 

a  M.  ROUNTHWAITE,  M.I.Mech.E.,  M.I.N.A 

"Admirably  fulfils  its  purpose.'*— Jf«rmr  Bngmttr, 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


WORKS  BT  PROF.  ROBERT  H.  SIHTH,  Assoe.MJ.aEM 

M.LM.E.,  llLfiLE.,  llLMinX,  Whit  Sell.,  M.0rd.H6ijL 


THE     CALCULUS    FOR     ENGINEERS 

AND    PHYSrCISTS, 

Applied  to  Technieal   Problems. 

WITH  BXTXNSIVl 

CI.ASSIFIED  BEFEBENCK  LIST  OS*  IKTEGBAIiS. 
By  PROF.  ROBERT  H.  SMITH. 

ASSISTBO  BT 

R    F.    MUI^RHEAD,    M.A.,    B.Sa, 

FomMfly  Olark  Felloir  of  Glasgow  UniTenity,  moA  Lecturer  on  Hathemfttfoi  at 

Mason  College. 

In  Crown  8vo»  extrc^  with  Dxdgrwma  and  Foldtng-Flate,     Ss.  6d. 

"  PaoF.  R.  H.  Smith's  book  will  be  serviceable  in  rendering  a  hard  road  as  bast  as  nAono> 
▲•LI  for  the  non-mathematical  Student  and  Engineer."— ultibefurvm. 

"  Interesting  diagrams,  with  practical  illnstrstlons  of  actna)  occnrreBoe,  areto  befdond  bst« 
In  abundance.  Thb  vsrt  cohplxtb  classified  &xnBi|rcii  taslb  iHSH  prove  yery  nsefliif  ito* 
laTing  the  time  of  those  who  want  an  int^rai  in  a  hnnjr."— JJto  Emt^mer. 


MEASUREMENT    CONVERSIONS 

(EngHsh    and    Fren<^): 
28   GRAPHIC    TABLES    OB   DIAGRAMS. 

Showing  at  a  glance  the  MrrrtTAL  Conyebsion  of  MsASUBXMsinnr 
in  DiPFBRBJNT*  Units 

Of  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  QuaatitiM 

of  Work,  Horse  Powers,  Temperatures,  &o. 

Fer  the  use  of  Engineers,  Swveyere,  Arehltevte^  and  Contmctore* 

In  4to,  boards.      Ta,   6d. 


•»*  Prof.  Smith's  Conversion-Tables  form  the  most  unique  and  com- 
prehensive collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calcnlMiQ» 
diminished.  It  is  believed  that  heaoeAiirth  no  Engineer's  Office  will  be 
oonsidered  complete  without  them. 

"  The  work  is  intalvabul"— Cotfisry  GmMrdtan» 

"  Ought  to  be  in  btbrt  oflBce  where  eren  occasional  conTenlons  are  required.  .  .  .  FroA. 
Smith's  Tablbs  form  rery  bxcbllbbt  cbbckb  on  results."— JReetricai  Beview. 

**Prof.  Smith  deserves  the  hearty  thanks,  not  only  of  the  Bboibbbb,  but  of  the  OoxmBOlAa 
Wobld,  for  having  smoothed  the  way  for  the  adoftioii  of  the  Inntio  braftei  of  MBAsviBHun; 
a  subject  which  is  now  assuming  great  importance  as  a  factor  in  maintaining  our  hold  npo» 
VOEBiaM  VBADB."— Tks  if  aoMnery  if  •rlsst. 

LOMWN:  CHARLES  6RIFFIN  &  CO.,  LIMITED,  E)KTEit  STREET,  STRMIft 
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In  Large  8vo.    Handsome  Cloth.     lOs.  6d. 

CHEMISTRY  FOR  ENGINEERS. 

BY 

BERTRAM  BLOUNT,      and  A.  G.  BLOXAM, 

F.LC,  F.C.8.,  A.I.C.E.,  F.I.O.,  F.C.8.. 

Oh«miat  to  the  Crown  Agents  for  Oonroltinf  CbemiBt,  Head  of  the  ChemMry 

the  Colonies.  Department,  Ooldsmiths'  Inat.,  « 

New  Croet. 


OSKSBAL  CONTENTS.— Introduction— Cliemlstry  of  the  CMef  Haterlali 
•  or  CkMifltniotlon— Sources  of  Energy— Ghemistry  of  Steam -raising— CliemlB- 
try  ef  Labrloation  and  Lubricants— Metallurgical  Processes  used  In  the 
Winning  and  Manufacture  of  Metals. 

"The  Mithors  hare  buccbbdrd  beyond  all  expectation,  and  have  produced  a  work  which 
Aoidd  fire  vrbsh  powkb  to  the  Engineer  and  fiianufacturer."— r^  Timet. 

*'P»AcncAL  TBaovoHOUT  .  .  .  au  ADMiBABLi  TBXT-BOOK,  usefnl  not  only  to  Stndenta, 
taifr  to  Siroi5BBB8  and  Managibs  of  wobes  in  fbbtbntiko  wastx  and  iMPBOvuta  pbocbssib.  " 


'*A  book  worthy  to  take  high  rakk  .  .  .  treatment  of  the  subject  of  oabboub  run 
particularly  good.  ,  .  .  Watbb  gas  and  its  production  clearly  worked  out.  .  .  .  We 
WAMILT  BicojfHKiTO  the  work."— J^ounMl  ofG<u  ZAghtina. 


For  Companion  Volume  by  the  same  Authors,  see  "  CHEMiSTfiT 
FOR  Manufacturers,"  p.  71. 


Works  by  WALTER  R.  BROWNE,  M.A.,  M.lNST.C.E., 

Late  Fellow  of  Trinity  College,  Cambridge. 


THE    STUDENT'S    MECHANICS 

An  Introduction  to  the  Study  of  Force  and  Motion. 

With  Diagrams.     Crown  Svo.     Cloth,  41.  6d. 

''CiMr  m  atyle  and  practical  ia  method,  'Thb  Stvowhi^b  Mbchanics'  b 
maamtrndiad  firora  all  points  o£ yiew."— A tA^funtm. 


FOUNDATIONS    OF     MECHANICS* 

Papers  rq>rinted  from  the  Engitutr,     In  Crown  Syo,  It. 


Demy  Svo,  with  Numerous  Illustrations,  9s. 

FUEL    AND    WATER: 

A  Manual  for  Users  of  Steam  and  Water. 

By   Pbof.    FRANZ    SCHWACKHOFER  of  Vienna,   and 

WALTER  R,   BROWNE,   M,A.,  CE. 

Gbmskal  Contbkts.— Heat  and  Combustion— Fuel,  Varieties  of— Firinsr  Arrange- 
»«Bto:  Foniace,  Flues,  Chimney  —  The  Boiler,  Choice  of— Varieties— Feed-water 
H««tcn— Steam  Pipes — ^Water :  Composition,  Purification—  Prevention  of  Scak,  &c.,  &c. 

"The  Section  on  Heat  is  one  of  the  best  and  most  hidd  erer  written."— .gfigMMwr. 

*'  CaiiBoC  fiul  to  be  ^raluable  xm  thousands  using  steam  power."— ii«i/SnMr^  Engmstr, 

LOHDOK:  CHARLES  GRIFFIN  «  CO..  LIMITED.  EXETER  STREET,  STRAINX 


42  CHARLES  GRIFFIN  A  CO.'S  PUBLICATIONS. 

CRIFFIM'8    LOCAL   COVERMMEMT   HAMDBOOKsT" 

WORKS  SUITABLE  FOR  MUNICIPAL  AND  COUNTY  ENGINEERS, 
ANALYSTS,  AND  OTHERS. 

Gas  Manufacture  (The  Chemistry  of).  A  Handbook  on  the  Pro- 
duction, Purification,  and  Testing  of  Illuminating  Oas,  and  the  Assay  of  the  Bye- 
Product  of  Gas  Manufacture,  By  W.  J.  A.  Butterfiklk,  M.A.,  F.I.C.,  F.C.S.  With 
numerous  Illustrations.  Handsome  Cloth.  SECOND  EDITION,  Revised  and  Enlarged. 
With  a  Section  on  Acetylene.    lOs.  6d.  [See  page  77. 

"  Well  deserving  a  place  in  every  gas  engineering  MhrBij."— Journal  of  Gas  LigMtng. 

Central  Electrical  Stations :  Their  Design,  Organisation,  and  Manage- 
ment.   By  C.  H.  WoRDiNiiHAM,  A.K.C.,  M.Inst.C.E.    Price  24s.  net. 
for  details  see  opposite  page. 


Sewage  Disposal  Works  :  A  Guide  to  the  Construction  of  Works  for 
the  Prevention  of  the  Pollution  by  Sewage  of  Rivers  and  Estuaries.  By  W.  Santo 
Crimp,  M.Inst.C.E.,  F.G.S.  Second  Edition,  Revised  and  Enlarged.  Large  8vo, 
Handsome  Cloth.    With  37  Plates.    Price  30s.  [See  page  76.  • 

•♦The  most  complete  and  best  treatise  on  the  subject  which  has  appeared  in  our 
nngvi&ge."— Edinburgh  Medical  Journal 

Calcareous  Cements  :  Their  Nature,  Preparation,  and  Uses.  With 
some  Remarks  upon  Cement  Testing.  By  Gilbert  Redgrave,  Assoc.Inst.C.E. 
Large  Crown  8vo.  With  Illustrations,  Analytical  Data,  and  Api>endice8  on  Costs,  Ac. 
88.  6d.  [See  page  76. 

"Invaluable  to  student,  architect,  and  engineer."— BuUding  News. 

Road  Making:  and  Maintenance :  A  Practical  Treatise  for  Engineers, 
Surveyors,  and  others.  With  an  Historical  Sketch  of  Ancient  and  Modem  Practice. 
By  Thomas  Aitken,  Assoc. M. Inst. C.E.,  Member  of  the  Association  of  Municipal 
and  County  Engineers ;  Member  of  the  Sanitary  Inst. ;  Surveyor  to  the  County 
Council  of  Fife,  Cupar  Division.  Large  8vo,  Handsome  Cloth,  with  numerous 
Plates,  Diagrams,  and  Illustrations.    2l8.  [See  page  77. 

"Should  be  on  the  reference  shelf  of  every  Municipal  and  County  Engineer  in 

the  United  Kingdom."— TAg  Surveyor. 

Light  Railways  at  Home  and  Abroad.    By  Willia^i  Henry  Cole, 

M.Inst.C.E.,  late  Deputy  Manager,  North- Western  Eailway,  India.     Large  8vo, 
Handsome  Cloth,  Plates  and  illustrations.    16s.  [See  page  30. 

"  Will  remain  for  some  time  yet  a  Standard  Work  in  everything  relating  to  Light 
Railways."— TAe  Engineer. 

Practical  Sanitation  :  A  Handbook  for  Sanitary  Inspectors  and  others 
interested  in  Sanitation.  By  Geo.  Eeid,  M.D.,  D.P.H.,  l<ellow  of  the  Sanitary 
Institute,  Medical  Officer,  Stafifordshire  County  Council.  With  Appendix  on 
Sanitary  Law,  by  Herbert  Manley,  M.A.,  M.B.,  D.P.H.  Eighth  Edition, 
Revised.    Cloth,  6s.  [See  page  78. 

"A  HANDBOOK  useful  to  SANITARY  INSPECTORS,  and  ALL  interested  in  Sanitary 

matters." — Sanitary  Record. 

COMPANION  VOLUME  TO  ABOVE. 

Sanitary  Engineering*:   A  Practical  Manual  of  Town  Drainage  and 

Sewage  and   Refuse  Disposal.     By  Frank  Wood,  A.M.Inst.C.£.,  F.G.S.     Fully 
Illustrated.  [See  page  79. 

Dairy  Chemistry :  A  Practical  Handbook  for  Dairy  Managers,  Chemists, 
and  Analysts.  By  H.  Droop  Richmond,  F.C.S.,  Chemist  to  the  Aylesbury  Dairy 
Company.    With  Tables,  Illustrations,  Ac.    Handsome  Cloth,  Ifs.  [See  page  73. 

••  The  BEST  CONTRIBUTION  to  the  subject  that  has  yet  appeared."— T^  Lancet. 

Flesh  Foods :  With  Methods  for  their  Chemical,  Microscopical,  and 
Bacteriological  Examination.  A  Handbook  for  Medical  Men,  Inspectors,  Analysts, 
and  others.  By  C.  Ainsworth  Mitchell,  B.A.,  F.I.C.,  Mem.  Council  8oc.  of  Public 
Analysts.  With  numerous  Illustrations  and  a  coloured  Plate.  10s.  6d.  [See  page  78. 
"Will  save  Medical  Men,  Analysts,  Sanitary  Inspectors,  and  others  an  infinitb 

AMOUNT  OP  REPKRKNCE."— TAe  Lancet. 


Foods:  Their  Composition  •  and  Analysis.  By  A.  Wynter  Blyth, 
M.R.C.S.,  F.C.S.,  Public  Analyst  for  the  County  of  Devon.  With  Tables,  Folding 
Plate,  and  Frontispiece.    Fourth  Edition,  Revised,    as.  [See  page  72. 

*•  An  AiiMiRABLE  DIGEST  Of  the  most  recent  state  of  knowledge."— C%«mieaZ  Newt. 
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Just  out.     In  Large  ^0,     Handsome  Cloth,      Profusely  Illustrated 
with  Plates^  Diagrams,  and  Figure      24s,  net. 

CENTRAL  ELECTRICAL  STATIONS: 

Their  Design,  Organisation,  and  Management. 

Including  the  Generation  and  Distribution  of  Electrical 
Energy. 

By  CHAS.    H.    WORDINGHAM, 

A.K.C.,  M.lNST.CE.,  M.Inst.Mkch.E., 

Late  Member  of  the  Council  of  the  Institute  of  Electrical  Engineers,  and  Electrical 

Engineer  to  the  City  of  Manchester. 


CONTENTS. 

Introductory. — Central  Station  Work  as  a  Profession. — Central  Station  Supply  as  an  In- 
vestment.— The  Establishment  of  a  Central  Station  — Systems  of  Supply. — Choice  of  isite — 
Architecttural  Features.  —  Choice  of  Plant  and  General  Design.  —  Boilers  —  Systems  of 
Draught  and  Waste  Heat  Economy. — Methods  of  Firing  Boilers.  — Coal  Handling.  Weighing, 
and  Storing. — Feeding  of  Boilers. — The  Transmission  of  Steam.— generators. — Condensing 
Appliances. — Switching  Gear,  Instruments,  and  Connections. — Distributing  Mains. — Drawing- 
in  Systems. — Built-in  Systems,  Dielectrics. — Insulation,  Resistance,  and  Cost. — Distributing 
Networks — Service  Mains  and  Feeders. — Testing  of  Mains. — Recording  and  Laying  of 
Mains. — Meters  and  Appliances  on  Consumers'  Premises. — Standardising  and  Testing  Labor- 
atory.— Secondary  Batteries. — Street  Lighting. — Cost  of  Production. — Methods  of  Charging. 
— Regulations  of  Consumer's  Installations. — General  Organisations  of  a  Central  Station  — 
The  Generating  Station. — The  Mains  Department —The  Installation  Department — ^Thc 
Standardising  Department. — The  Drawing  OflSce,  Transforming  Stations,  and  Street  Light- 
ing.— The  Clerical  Department.— I'he  Consumer.— The  Routine  and  Main  Laying. — Indbx. 

"One  of  the  most  valuable  contributions  to  Central  Station  literature  we  have  had 
for  some  time.  We  wonder  at  the  industry  and  perseverance  which  have  produced  the 
volume  before  us." — Electricity. 


MUNBO  ft  JAMIESON'S  ELECTRICAL  POCKET-BOOK. 

Fifteenth  Edition,  Revised  and  Enlarged. 

A    POCKET-BOOK 

OF 

ELECTRICAL  RULES   &  TABLES 

FOR  THE  USS  OF  ELECTRICIANS  AND  ENGINEERS, 

By  JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S,E. 
With  Numerous  Diagrams.    Pocket  Size.     Leather,  Ss.  6d. 

GENERAI.     OONTBNTS. 

Units  of  Measurement.  —  Measures.  —  Testmg.  —  Conductors.  —  Dielectrics.  —  Submarine 
Cables. — ^Telegraphy.—Electro-Chemistry.— Electro-Metallurgy.-— Batteries.— Dynamos  and 
MotoiPi. — Transformers.— Electric  Lighting.— Miscellaneous.— Logarithms.— Appendices. 

**  WomMtKPULLY  PBwnBCT.  .  •  .  Worthy  of  the  hi^iest  commendatioa  we  can 
gif«  iL**~-EiectridaH, 

"The  Stbkung  Valub  of  Metm.  Mumto  and  jAMnsoic't  Pocxst-Boml"— 
MitcMemi  IU9$tm, 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET.  STRAND. 
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By  PBOFESSORS  J.  H.  POYNTINQ  M  J.  J.  THOMSON. 

In  Large  8vo.     Folly  lUustrated. 

A  TEXT-BOOK  OF   PHYSIOS: 

OOMPBISINO 

PROPERTIES  OF  MATTER;  BOUND;  HEAT;  MAGNETISM 
AND  ELECTRICITY;    AND   LIGHT. 

BY 

J.  H.  POYNTING,  J.  J.  THOMSON, 

BCD.,  F.&.8.,  AND  ^'^*  r.B.S., 

I*U  F«Uow  of  Trinity  Collase,  Oambridc«:  Pellow  of  Trinitj  College.  Cambridore;  Prol 

ProfoMor  of  PbyBics,  Mmod  Oollege,  of  Experimenul  Physics  in  the  UolTWiltj 

BtemingOAin.  of  Garabridite. 


Volume  already  published,  Second  Edition,  Price  Ss.  6d. 

S  O  XJ  M^  I>. 

CoNTKKTs.— The  Natare  of  Soand  and  its  chief  Charaotertstics.— The  Velociiy  of  Sotmd 
in  Air  and  other  Media.— Refl'C  ion  and  Refraction  of  Sonnd.— Frequency  and  Pitch  of 
Notes. 'Resonance  and  Forced  Oscillations.— Analyaia  of  Vibrations.— The  Transverae 
Vibrations  of  Stretched  Strings  or  Wires  —Pipes  and  other  Air  Cavities.— Bods.-^PI«tM. 
—Membranes.— Vibrations  maintained  by  Heat— SensitiTO  Flames  and  Jets.— Mnsioal 
SaDd«— The  Superposition  of  Waves.—  Index. 

"  The  work  .  .  .  may  be  recommended  to  anyone  detirons  of  possessing  an  sast, 
UP-TO-DATE  Stakhard  Trkatisk  On  Acoustlcs.*'— /,t/«ra/Mr€. 

"  Very  clearly  written.  .  .  .  The  names  of  the  anitiors  are  a  guarantee  of  ^e 
sciximnc  aoousact  and  up-to-date  chahaotkb  of  the  work  ^^^ Educational  Times. 


Introductory  Volume,  fully  Illustrated.     At  Press. 

PROPESRTUBS    OF    BKATTSR. 

OoKTENTS.  —  Gravitation. —  The   Acceleration   of   Gravity.  —  Elasticity. —  Stresses  and 
Strains.— Torsion.- Bending   of   Rods.— Spiral   Springs.— Co  lision.— Compressibility   of 
Liquids. — Pressures  and   Volumes  of  Gases.— Thermal  Effects  Accompmying  Strain. — 
Crtpillarity.- Surlace  Tension.— Laplace's  Theory  of  Caplliarity.— Diffusion  of  Liquids  - 
DllSFuBion  of  Oases.— Viscosity  of  Liquids. 


In  large  8vo,  with   Bibliography,  Illustrations  in  the  Text,  and 
Lithographed  Plates.     12s.  6d. 

THE  MEAN  DENSITY  OF  THE  EARTH: 

An  Essay  to  which  the  Adams  Prize  was  a^ad|red  in  tS98  In 
the  University  of  Cambridge. 

BY 

J.  H.  POYNTING,  Sc.D.,  F.R.S.. 

Late  Fellow  of  Trinity  Collie,  Cambridge;  Professor  of  Physic^   Mason 

College,  Birmingham. 

**  An  aoooont  of  this  snhieot  cannot  fall  to  be  of  o«sat  and  •wwbai  iwiastto  the  siilwitifii 
mind.  Especially  is  this  the  case  when  the  account  is  given  by  one  who  has  contributed  so 
flSBsiderably  as  has  Prof.  Poyntinc  to  our  present  state  of  koewledm  with  respect  to  a  very 
dlfloolt  suhlecL    .    .    .    B«marlutDly  has  Newton's  estimate  been  veiUed  ^Brot  Beytt^^ji.^— 


LQHDQN:  CiJARLES  GRIFFIN  i  CO.,  LIMITED.  EXETER  STREH'.  8TBANQ. 
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§6.   aRIPPIN'S    NAUTICAL    SERIES. 

Edited  by   EDW.    BLACKMORE, 

Master  Mariner,  First  Class  Trinity  House  Certificate,  Assoc.  Inst.  N.A. ; 

And  Written,  mainly,  by  Sailors  for  Sailors. 

"THK  ADMIRABLE  SERIES."— FaiVpZaW.  "A  VERY  USEFUL  SERIES,  "—^ahlinf. 

«' The  volumes  of  Messrs.  Griffin's  Nautical  Series  may  well  and  profitably  be 
f«ad  by  all  interested  in  our  national  maritimk  progress.  "—Jfortn*  Ertgrneer. 

"Every  Ship  should  have  the  whole  Series  as  a  reference  Library.  HAND- 
flOMBLY  BOUND,  CLEARLY  PRINTED  and  ILLUSTRATED."— Liverpool  Joum.  qf  Commerce, 

The  British  Mercantile  Marine :  An  Historical  Sketch  of  its  Rise 
and  Development.    By  the  Editor,  Capt.  Blackmore.    3s.  6d. 
"  Captain  Blackmore's  SPLENDID  BOOK    .    .    .    contains  paragraphs  on  every  point 
of  interest  to  the  Merchant  Marine.    The  243  pages  of  this  book  are  the  most  valu- 
able to  the  sea  captain  that  have  ever  been  compiled.  —Merchamt  Service  Hevtew. 

Elementary  Seamanship.  By  D.  Wilson-Barker,  Master  Mariner, 
F.K.S.E.,  F.K.G.S.  With  numerous  Plates,  two  in  Colours,  and  Frontispiece. 
Second  Edition,  Revised.    5s.  _  ,  *v    . «/  ~.^„*^-  •  -o^«». 

•This  admirable  manual,  by  CAPt.  Wilson  Barker,  of  the  'Worcester,  seems 

to  US  PBR1W3TLY  DESIGNED."— ^«A«rMBUW. 

^KnOW  YOUP  Own  Ship  :  A  Simple  Explanation  of  the  Stability,  Con- 
struction, Tonnage,  and  freeboard  of  Ships.  By  Thos.  Walton,  Naval  Architec^ 
With  numerous  Illustrations  and  additional  Chapters  on  Buoyancy,  Trim,  and 
Calculations.    Sixth  Edition,  Revised.    7s.  6d.  . 

"Mr.  Walton's  book  will  be  found  very  useful."— TAe  Lngineer. 

Kavigation :  Theoretical  and  Ppaetieal.    By  D.  Wilson-Barkbe, 

Master  Mariner,  Ac,  and  William  Allingham.    Ss.  6d. 

••Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency. 
Candidates  will  find  it  invaluable."— 2)uTui«e  Advertiser. 

Marine    Meteorology:    For    Officers    of    the   Merchant   Navy.       By 
William  Allinoham,  First  Class  Honours,  Navigation,  Science  and  Art  Department. 
With  Illustrations,  Maps,  and  Diagrams,  and  facsimile  reproduction  of  log  page. 
7s.  6d. 
"Quite  the  best  publication  on  this  subject."— 5Atpi>in<7  Gazette. 

Latitude  and  Longritude :  How  to  And  them.    By  W.  J.  Millab, 

C.E.,  late  Sec.  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland.    28. 

"  Cannot  but  prove  an  acquisition  to  those  studying  Navigation."— if arin«  Engineer. 

Practical  Mechanics  :  Applied  to  the  requirements  of  the  Sailor. 
3y  Taos,  Mackenzie,  Master  Mariner,  F.R.A.S.  Second  Edition,  Revised.  8s.  6d. 
**  Well  worth  the  money  .     .     .  exceedingly  hklpful." — shipping  World. 

fWgronometry :  For  the  Young  Sailor,  &c.     By  Rich.  C.  Buck,  of  the 
Thames  Nautical  Training  College,  H.M.S.  "  Worcester."   Second  Edition,  Revised. 
Price  Ss.  6d. 
"This EICINBNXLY  PBACTICAL  and  reliable  vo\ume."^Schoolma8ter. 

Practical  Algrebra.     By  Rich.  C.  Buck.    Companion  Volume  to  the 
above,  for  Sauors  and  others.    Price  3s.  6d. 
"  It  Is  JUST  TflK  BOOK  for  the  young  sailor  mindful  of  progress.  —Nautical  Magazine, 

The  Legal  Duties  of  Shipmasters.    By  Bbwkdiot  Wm.  Ginsbubg, 

M.A.,  LL.D.,  of  the  Inner  Temple  and  Northern  Circuit :  Barrister-at-Law.    Price 

*8-«^  ......      ^    ^ 

"  IRVALUABLE  to  masters.    .    .    .    We  can  fully  recommend  it.  —Sa»pinfiflf  Ga«CTte. 

A  Medical  and  Surgrical  Help  for  Shipmasters.    Including  First 

Aid  at  Sea.    By  Wm.  Johnson  Smith,  F.R.C  S.,  Principal  Medical  Officer,  Seamen's 
Hospital,  Greenwich.    Second  Edition,  Revised.    6s. 
"  Sound,  JxmioiotJS,  beallt  helpful."— TA^  Lancet, 
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GRIFFIN'S  NAUTICAL  SERIES. 

Price  Ss.  6d.     Fost-Jree. 

British  Mercantile  Marine. 

By  EDWARD    BLACKMORE, 

MASTER  MARINER;   ASSOCIATE  OF  THE  INSTITXHION  OP  NAVAL  ARCHITECTS; 

MEMBER  OP  THE  INSTITUTION  OP  ENGINEERS  AND  SHIPBUILDERS 

IN  SCOTLAND;  EDITOR  OP  CRIPFIN'S  "NAUTICAL  SERIES." 

General  Contents.— Historical  :  From  Early  l^mes  to  1486— Pn^crdM 
iinder  Henry  VIII.— To  Death  of  Mary— During  Elizabeth's  Reign— Up  to 
the  Reign  of  William  III.— The  18th  and  19th  Centnriea— Institution  of 
Examinations  —  Rise  and  Progress  of  Steam  Propulsion  —  Development  of 
Free  Trade— Shipping  Legislation,  1862  to  1875— "  Locksley  Hall^'  Case- 
Shipmasters'  Societies— Loading  of  Ships — Shipping  Legislation,  1884  to  1894 — 
Statistics  of  Shipping:  The  Personnel  :  Shipowners— Officers— Mariners- 
Duties  and  Present  Position.  Education  :  A  Seaman's  Education :  what  it 
■hoidd  be — Present  Means  of  Education— Hints.  Discipline  and  Dutt — 
Postscript— The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matt«r 
demanding  the  Attentioa  of  the  Nation. 

**  Ihtbrsstiho  and  Imstructivs  .  .  .  may  be  read  with  feoiit  and  sirJOTiavT.**— 
0Uum>v  Herald. 

''EvxRT  BRANCH  of  the  RQbjoot  U  dealt  with  in  a  way  which  shows  that  the  writer 
*  knows  the  ropei*  familiarly."— 5eof«man. 

**ThiB  ADiORABLB  book  .  .  .  TBKM8  with  aseful  information— Should  be  in  tbe 
kaads  of  every  Sailor.  "~ir<«<ern  Morning  New. 


Second  Edition,     Price  Ss,  Post-free. 

ELEMENTARY    SEAMANSHIP. 

BT 

D.  WILSON-BARKER,  Mastkb  Mariner;  F.R.S.R,  F.R.G.S.,&a,&o.; 

TOUNQSR  BBOTHSB  OF  THE  TRINITT  HOUSE. 

With  Frontispiece,  Twelve  Plates  (Two  in  Colours),  and  Ulustratioiis 
in  the  Text. 

General   Contents.- The  Building  of  a  Ship;  Parts  of  Hull.  Masts^ 
Jtc — Ropes,  Ejiots,    Splicing,  &c.  —  Gear,    Lead  and  Log,  &c.  —  Rigging, ' 
Anchors  —  Sailmaking — The  Sails,   &c.— Handling   of  Boats  under  Sail  — 
Signals  and  Signalling — Rule  of  the  Road — Keeping  and  Relieving  Watoh — 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  Phraises — Index. 

%*  The  Tolmne  contains  the  raw  bulbs  of  tbb  boai>. 

**  This  ADiOBABLB  KAvnAL.  by  Oapt.  Wilsov-Babkbb  of  the  '  Worcester,'  seems  to  o» 
rBBRCTLT  DB8I0NBD,  and  holds  its  place  excellentlv  in  *  GBiimi's  Nautical  Sbbibs.'  .  .  . 
Although  intended  for  those  who  are  to  become  Qflieeri  of  the  Merchant  Navy,  it  will  B» 
found  Qsef ol  by  all  taohtsmbv.  **— J  thmtntm. 

**  Five  shillings  will  be  wbll  spbht  on  this  little  book.  Oatt.  Wiuov-Baxkbb  know* 
trcm  expMienoe  what  a  yoong  man  wants  at  the  oatset  of  his  career.**— 2%«  Engmstr, 

*«*  For  complete  List  of  Gamm's  Nautigal  Sbbibb,  see  p.  45. 
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GRIFFIN  S  NAUTICAL  SERIES. 

Price  38.  6d.     Post-free. 

By  DAVID  WILSON-BARKER,  RN.R,  F.R.S.E.,  &c.,  &c., 

AND 

WILLIAM  ALLINGHAM, 

riBST-OLASS  HONOUBS,  NAYIOATION,  SOISNCB  AND  ART  DKPARTMBNT. 

TRAftb  flumeroud  5lludtrationd  anO  Bsamlnatlon  ^ncetione. 

GiNXBAL  Contents. — Definitions — Latitude  and  Longitude — Instrument* 
of  Navigation — Correction  of  Courses— Plane  Sailing — Traverse  Sailing— Day** 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sailing  —  Mercator's  Chart — 
Mercator  Sailing — Current  Sailing— Position  by  Bearings—  Great  Circle  Sailing 
— The  Tides— Questions — Appendix:  Compass  Error — Numerous  Useful HintSi 
Ac. — ^Index. 

**  Pbbcuslt  the  kind  of  work  required  for  the  New  GerttflcateB  of  competency  in  grade* 
from  Second  Mate  to  extra  Master.  .  .  .  Candidates  will  find  Iv  iMyALUABLS.*'—i>i(fM(M 
AdwtHUer. 

**  A  OAFTTAL  UTTLX  BOOK  .  .  .  Specially  adapted  to  the  New  Examinations.  The 
Anthors  are  Oaft.  Wilson-Basksb  (Captain-Saperintendent  of  the  Naatical  College,  H.Bi.& 
*  Worcester,*  who  has  had  great  experience  in  the  highest  problems  of  NaTigation),  and' 
Mb.  Alunohah,  a  well-known  writer  on  the  Science  of  Navigation  and  Nautical  Astronomy.*^ 
^  SMppimff  World. 


Handsome  Cloth,     Fully  Illustrated.     Is.  6d.     Post-Jrte. 

MARINE    METEOROLOGY, 

FOR  OFFICERS  OF  THE  MERCHANT  NAVY. 
By  WILLIAM   ALLINGHAM, 

Joint  Author  of  "Navigation,  Theoretical  and  Practical." 

With  numerous  Plates,  Maps,  Diagrams,  and  Illustrations,  and  a  facsimile 
Reproduction  of  a  Page  from  an  actual  Meteorological  Log-Book. 

SUMMARY   OF   CONTENTS. 

IXTRODUOTORT.— Instruments  Used  at  Sea  for  Meteorological  Purposes.— Metcoro* 
logical  log-Books.— Atmospheric  Pressure.— Air  Temperatures.— Sea  Temperatures. — 
"Winds.— wind  Force  Scales.- History  of  the  Law  of  Storms.— Hurricanes,  Seasons,  an<^ 
St(Nrm  Tracks.— Solution  of  the  Cyclone  Problem.- Ocean  Currents.— Icebeigs.-Syn- 
<dir(Mious  Charts.— Dew,  Mists,  Fogs,  and  Haze.— Clouds.— Kain,  Snow,  and  Hail. — 
Mirage,  Rainbows,  Coronas,  Halos,  and  Meteors.— Lightning,  Corposants,  and  Auroras.— 
QuBsnoNS.— Appendix.— Index. 

"Quite  the  bbst  publicatioo.  and  certainly  the  most  i5Tkrs8TI5g,  on  this  subject  evev 
presented  to  Nautical  mea."— Shipping  Gazette. 

*«*  For  Complete  List  of  Gbiffin's  Nautical  Series,  see  p.  45. 

LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET,  STRAND. 
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Second  Edition,  Revised.     With  Nameroiu  IllastratioDs.    Sa.  6d. 

Practical  Mechanics: 

Applied  to  the  Eequirements  of  tlxe  Sailor. 
By    THOS.    MACKENZIE, 

Maattr  Marintr,  F.R.A.S. 
General  Contents. — Resolution  and  Composition  of  Forces — Work  done 
by  Machines  and  Living  Agents— The  Mechanical  Powers:  The  Lever; 
Derricks  as  Bent  Levers— The  Wheel  and  Axle:  Windlass;  Ship's  Capstan; 
Crab  Winch— Tackles :  the  **01d  Man'*— The  Inclined  Plane;  the  Screw— 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  Rope  : 
Steel  Wire,  Manilla,  Heinp,  Coir-^Derricks  and  Shears — Calculation  of  the 
<3roB8-breaking  Strain  of  Fir  Spar— Centre  of  Effort  of  Sails— Hydroettttics : 
the  Diving-b^ ;  Stability  of  Floating  Bodies ;  the  Ship's  Pump,  &c 

'*  This  ixoellbnt  book  .  .  .  contains  a  labqk  amovvt  of  information." 
— JSTature. 

"  Well  worth  the  money  .  .  .  will  be  found  exceedingly  helpful."— 
Shipping  World, 

*'No  Ships'  Officers'  bookcase  will  henceforth  be  complete  without 
CJaptain  Mackenzie's  *  Practical  Mechanics.*  Notwithstanding  myimaiqr 
years'  experience  at  sea,  it  has  told  me  Jlow  much  more  there  is  to  acguirt,**-^ 
{Letter  to  the  Publishers  from  a  Master  Mariner). 

"  I  must  express  my  thanks  to  you  for  the  labour  and  care  you  have  taken 
in  *  Practical  Mechanics.'  .  .  .  It  is  a  life's  EXPEiaENCK.  .  .  . 
What  an  amount  we  frequently  see  wasted  by  ngging  purchases  without  reason 
and  accidents  to  spars,  &c.,  &c. !  *  Practical  Mechanics'  would  save  all 
this." — (Letter  to  the  Author  from  another  Master  Mariner). 


WORKS  BY  RICHARD  C.  BUCK, 

of  the  Thames  Nautical  Trainiog  OoUege,  H.M.S.  *  Woroester.* 

A  Manual  of  Trigonometry: 

With  Diagrams,  Examples,  and  Exercises,    Post-free  8s.  6d. 

Second  Edition,  Revised  and  Corrected. 
*»*  Mr.  Buck's  Text-Book  has  been  specially  p&epabjsd  with  a  view 
to  the  New  Examinations  of  the  Board  of  Trade,  in  which  Trigonometrj 
u  an  obligatory  subject. 

**Thi8  KMIKENTLY  PRACTICAL  and  REL1ABLB  TOLUMX."— jScAoo/mASfoT. 

A  Manual  of  Algebra. 

designed  to  meet  the  Requirements  of  S€u4or8  and  others,    Prioe  88,  6d. 

%*  These  elementary  works  on  algbbba  and  TBiGOHQif btet  are  written  specially  fer 
those  who  will  have  little  opportunity  of  consalting  a  TcMdier.  They  are  books  for  **8BLr- 
nELP."  All  bat  the  simplest  explanations  have,  therefove,  been  avoided,  and  ahswvbs  f» 
^e  Exercises  axe  given.  Any  person  may  readily,  by  oarefiU  study,  become  master  of  th^ 
eoDtents,  and  thus  lay  the  fotmdation  for  a  furwer  mathomatioal  course,  if  desired.  It  te 
hoped  that  to  the  younger  OfQcers  of  our  Mercantile  Marine  they  will  be  found  deeidedlgr 
eervloaable.  The  Examples  and  Exercises  are  taken  from  the  Examination  Papemset  for 
the  Oadets  of  the  "  Worcester. " 

*'  Clearly  arranged,  and  well  got  up.  .  .  .A  flrst-rate  Elementary  Algebra.  — 
Jfautieal  Magazine. 

V^or  complete  Xdst  of  GjuDZUi's  Mauzioai.  Sxbob,  ise  p.  ijk 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  «Tf{EET;  tT^m. 
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G^FFIN\S  NAUTICAL   SERIES, 

In  Crown 'dvo.    Handsome  Cloth.    4s.  6d.    Post-free. 

THE  LEGAL  DDTIES  OF  SHIPMASTERS. 

BY 

BENEDICT  WM.   GINSBUEG,  M.A.,   LL.D.  (Cantab.), 

Of  tibe  Innw  Temple  and  Northern  Circuit;  Barrister-at-Law. 

General  Contents.— The  Qualification  for  the  Position  of  Shipmaster— The  Con- 
tract with  the  ^ipowner— The  Master's  Duty  in  respect  of  the  Crew :  Engagemeiit ; 
Apprentices;  Discipline;  Provisions,  Accommodation,  and  Medical  Comforts  ;  Payment 
of  Wtges  Mid  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— Tlie  Master'! 
financial  Responsibilities— The  Master's  Duty  in  respect  of  the  Cargo — The  Master's 
Duty  in  Case  of  Casualty- The  Master's  Duty  to  certain  Public  Authorities— Th« 
Master's  Duty  In  relation  to  Pilots,  Signals,  Flags,  and  Light  Dues— The  Master's  Duty 
Qpon  Arrival  at  the  Port  of  Discharge— Appendices  relative  to  certain  Legal  Matters : 
Board  of  Trade  Certificates,  Dietary  Scales,  Stowage  of  Grain  Cargoes,  liOad  Line  Se^ula- 
tions,  Life-saving  Appliances,  Carriage  of  Cattle  at  Sea,  &c.,  (fee— Copious  Index. 

**  No  intelligent  Master  should  fail  to  add  this  to  his  list  of  necessary  books.  A  few  Unea 
of  It  may  savb  a  lawter's  fee,  besides  endless  wobxy." —Liret-pool  Journal  of  Commerce. 

**  Sensible,  plainly  written,  in  cleab  and  non-trchkical  language,  and  will  be  found  of 
tnrcH  SBEVica  by  the  Shipmaster/'— ^ta'«A  Trade  Review. 


Crown  8vo,  with  Diagrams.     28.     Post-free. 

Latitude  and  Longitude: 

^OTsr    to    Fin^cl    tbeixi. 

By   W.   J.   MILLAR,   C.E., 

Late  Secretary  to  tfie  Inet.  of  Engineers  and  Shipbuilders  in  Scotland. 

"  Concisely  and  clearly  wbitten  .  .  .  cannot  but  prove  an  acqniaitioii 
io  those  studying  Navigation." — Marine  Engineer. 

**  Young  Seamen  will  find  it  handy  and  uskpul,  simple  and  cleab."— rA« 
Bnffmeer. 

FIRST  AID   AT  SEA. 

Second  Edition,  Revised.    With  Coloured  Plates  and  Numerous  Illustra- 
tions, and  comprising  the  latest  Regulations  Respecting  the  Carriage 
of  Medical  Stores  on  Board  Ship.     Post-free.     6s. 

A  MEDICAL  AMD  SURCICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 
W   THE  MERCHANT  NAVY. 

BY 

WM.      JOHNSON     SMITH,     F.R.O.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

%*  The  attention  of  all  interested  in  our  Merchant  Na^y  is  requested  to  this  exceeding I7 
fuefnl  and  valuable  work.  It  is  needless  to  say  that  it  is  the  outcome  of  many  yearp 
VBaoixoaL  bzpbrikncx  amongst  Seamen. 

>^8ooim,  ooDioioiw,  XBALLT  HSLpruL  "—The  Lancet. 

*^*  For  Complete  List  of  Qbiffin's  Nautical  Series,  see  p.  45. 
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so  CHARLES  ORIFFIN  J>  OO.'S  PUBLICATIONS. 

GRIFFIN'S  yATJTICAL  SERIES. 

Sixth  Edition.     Revised^  toith  Chapter$  on  Trim^  Buoyancy^ 

and  Calculations,    Numerous  lUustrationa,    Handsome 

Cloth,  Crown  Svo,    7s,  6d, 


By  THOMAS  WALTON,  Naval  Architect. 

flPBOIALLT    ARRANGED    TO    SUIT    THE    REQXTIRBMSNTS    OF    SHIPS'   OFFIOKSS,, 

SHIPOWNERS,   SUPERINTENDENTS,  DRAUGHTSMEN,   ENGINEERS, 

AND  OTHERS. 

This  work   explains,  in   a  simple  manner,   such  important 
subjects  as: — 


Displacement, 
Deadweight, 


StahiUty, 
Rollmg, 


Tonnage,  |  Ballasting, 

Freehoard,  I  Loading, 

Moments,  i  Shifting  Cargoes, 

Buoyancy,  |  Admission  of  Water, 

Strain,  i  Sail  Area, 

Structure,  j  ftc,  Ac. 

'*  The  little  book  will  be  found  excsedinglt  handt  by  most  officers  and 
effidals  connected  with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain 
LASTING  success,  because  of  its  unique  fitness  for  those  for  whom  it  has  been 
written."— <S/iipp»Ti^  World. 

**  An  EXCELLENT  WORK,  full  of  Bolid  instruction  and  dtvaluablx  to  every^ 
officer  of  the  Mercantile  Marine  who  has  his  profession  at  heart." — Shipping, 

"  Not  one  of  the  242  pages  could  well  be  spared.  It  will  admirably  fulfil  its 
purpose  .  .  .  useful  to  ship  owners,  ship  superintendents,  sldp  draughts- 
men, and  aU  interested  in  shipping." — Liverpool  Journal  of  Commerce, 

**  A  mass  of  vert  useful  information,  accompanied  by  diagrams  and  illus* 
trations,  is  given  in  a  compact  form."— ^airpkj/. 

**  We  have  found  no  one  statement  that  we  could  have  wished  differently 
expressed.  The  matter  has,  so  far  as  clearness  allows,  been  admirably  con- 
densed, and  is  simple  enough  to  be  understood  by  every  seaman."— JfariiM 
Enffineer, 

BY    THE    SAME    AUTHOR. 

Steel  Sbips:  Tbeir  Gonstnictioii  and  Maintenance. 

(See  page  38.) 
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Metallnrgical  Publications. 
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„    Physical, 
„    Practical  Aids, 
„    Open  Air  Studies, . 
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Food  Supply, . 
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Introduction, . 
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Sa  OBAMhm  &ltimif  ^  00/8  FWBLWATtONS. 

HeuMi  8v0,  Handsome  §Mh,   IS0. 

physical  Gealo^  and  Palsontology , 

OJV    TEE   BASIS    OF  PHILLIPS. 

BT 

HARRY    GOVIER    SEELEY,    F.R.S., 

FR(»PBSSOR  OP  GBOGRAPHV  IM  ICING'S  COILaOB.  LMfOOM. 

Witb  yrontlBpiece  in  Cbromo«>Xitboatiip&Sf  tfi&  9lliiBtnmoM» 

'*  It  is  impossible  to  praise  too  highly  the  research  which  Peofissor  SBiLiyi* 
'  Physical  Geology  ^  evidences.  It  is  far  iiOftB  trak  a  Tbxt-book— it  iir 
a  Directory  to  the  Student  in  prosecuting  his  researches.'* — Pnmdm$Ud  Ad* 
dress  to  the  Geological  Society^  1885,  i^  Rev.  Prof.  Bonruy^  D.Sc.^  LL,I>,^  F,R,S» 

*'  Professor  Seeley  mainuins  in  his  ^  Physical  Geology  '  the  h^ 
reputation  he  already  desenredly  bears  as  a  Teacher.**  —  Dr.  Hemy  Wood- 
ward^ F.R.S,^  in  the  «  Geologual  Magamu.^* 

*<  Professor  Seeley*s  work  includes  one  of  the  most  satis£u:tory  Treatiioi 
on  Lithology  in  the  English  language." — American  Journal  of  Engisuorimg. 


Demy  8vo,  Handsome  eloth,  S4s. 

StratigrapMcal  Geology  &  Pal%ontoI(^, 

OJV    THE   BASIS    OF  PHILLIPS. 


BY 


ROBERT    ETHERIDGE,    F.R.S, 

r  rmm.  naturai.  hist,  dbpartmbnt.  BRmsH  muskum,  ucta  rxLMotnouoGisr  to  t 

GBOLOGICAL  SURVEY  OF  GREAT  BRITAIN,  FAST  FR^SIDaMT  OF  TftB 
GROLOGICAX.  SOCIBTY,  BTC. 

TRAitb  Aap,  flumetoua  XLnbltBf  an^  XMtVMftJi  ^fate«» 


**  N«  todi  compendium  of  f  eologicsd  knotdwif  e  has  ever  been  brought  topHh«r  lnJui^"— ^ 

"  If  Prof.  Skklxv's  volume  wrs  nemwrkable  for  its  origiaafitf  and  die  brsadth  ^ko-iimm^ 
iCr.  Ethbridgb  fully  justifies  the  assertion  made  in  his  preface  thai  his  book  diien  m  eo»> 
flcruction  and  detail  from  any  known  manual    .    .    .    Must  take  hmsh  RAmt  AMtnm  WIOMV' 

OF  RRFKRBNCB.  **— ^<4»W<WWWr. 


OPEJl-fllR  STUDIES  IH  GEOI.OGY: 

An  Introduction  to  Geology  Out-of-doero. 

By  professor  GRENVILLE  COLE,   M.R.LA.,  F.G.& 

For  details,  see  Griffin*s  Introductory  Science  Series,  p.  85. 

lONDW:  CHARLES  GRIfFlll  t  Ca,  LlMiTEO,  EXETER  OTREET,  SWm, 


FMAmiQAh  OEOLOQT  AND  PROSPECTlUfQ.  5^ 

Just  out.     Crown  Svo,     Handsome  Cloth,     2s,  6d, 

BESBABCHES  ON  THE  PAST  AND  PRESENT  BISTORT 

OF 

THE     EARTH'S    ATIVIOSPHERE. 

Including  the  latest  Diacoveriea  and  their  Practical  Applications. 

By  dr.  THOMAS  LAMB  PHIPSON. 

PART  I. — The:  Earth's  Atmospkere  in  Remote  Geological  Periods. 

PART  II. — The  Atmosphere  of  our  Present  Period. 

Appendices  ;  Index. 

*»*  Dr.  Phipson's  work  presents,  amidst  much  which  is  of  interest  to  the 
Scientist  and  the  General  Reader  alike,  a  short  ristane  of  his  discovery  of  the 
origin  of  Atmospheric  Oxygen,  the  existence  of  which  he  attributes  wholly  to 
the  action  of  Solar  Radiation  upon  vegetable  life.  The  book  will  be  found 
replete  with  much  that  is  new,  curious,  and  interesting,  both  in  connection  with 
Weather  Lore,  and  with  ijcientific  Meteorology. — Publisher's  Note. 

"  The  book  should  prove  of  interest  to  general  readers,  as  well  as  to  meteorologists- 
and  other  students  or  science"— ^Ya^urf. 


By  GRENVILLE  A.  J.  COLE,  M.R.LA.,  F.G.S., 

Professor  of  Geology  in  the  Royal  College  of  Science  for  Ireland. 
See  also  page  85  and  the  two  J  allowing  pages  (54,  55). 

-AIDS    IN 

PRACTICAL    GEOLOGY: 

WITH  A    SECTION  ON  PALMONTOLOGY. 

By  professor  GRENVILLE  COLE,  M.R.I.A.,  F.G.S. 

Third  Edition,  Revised  and  in  part  Re-written.     With  Frontispiece 
and  Illustrations.    Cloth,  zcs.  6d. 


GENERAL    CONTENTS.— 
PART     I.— Sampling  of  the  Earth's  Crust. 
PART    II.— Examination  of  Minerals. 
PART  III.— Examination  of  Rocks. 
PART  IV.— Examination  of  Fossils. 

'*  Prot  Cole  treats  of  the  examination  of  minerals  and  rocks  in  a  way  that  has  neiMV 
keen  tttempced  before  .  .  .  dbsbkving  of  ths  highest  praisk.  Here  indeed  ar» 
'Aids'  INNUMSXABLB  and  invaluabul  All  the  directions  are  girea  with  the  utmost  dear- 
SMS  aad  predsioa."— i4/AM«MMr. 

"That  the  work  desenres  its  title,  that  it  is  full  of  'Aids/ and  in  the  highest  degre* 
'nucncAi^'  will  be  the  verdict  of  all  who  use  ml*'— Nature. 

'^TbirBXCBLLBNT  MaMUAL     .     .      .     will  be  A  rBRY  GRBAT  HKLF.      .      .     .      Thc  secUOB 

•f  tlM  Kyaminariop  of  Fossils  is  probably  the  best  of  its  kind  yet  published.     .    .    .    FinLi* 
M  wvU-d^sted  infenaation  item,  the  newest  sources  and  from  penooal  research."— .^wni/r 

LOnOOM:  CHARLES  GRIFFIN  (ft  CO.,  LIMITED,  EXETER  8TRE€T,  STffiWID. 


S4  0HARLM8  &RIFFIN  S  OO.'B  FUMLIOATIOMIB. 

GRIFFIN^S  *'NEW  LAWD^^  SERIES, 

Practical  Hand-Boqks  for  the   Use  of  Prospectors^  Explorers^ 

SeUlerSy  Colonists,  and  all  Interested  in  the  opening 

up  and  Development  of  New  Lands. 

Edited  by  GRENVILLE  A.  J.  COLE,  M.R.LA.,  F.G.S., 
Professor  of  Geology  Id  the  Koyal  College  of  Science  for  Ireland. 


Now  Ready.     In  Crovm  8vo.     Handsome  Cioth.    5«. 
With  Numerous  Maps  Specially  Drawn  and  Executed  for  this  Work. 

NEW     LANDS! 

rrHEIR    RESOURCES    AND    PROSPECTIVE 
ADVANTAGES. 

By  HUGH  ROBERT  MILL,  D.Sc,  LL.D.,  F.R.S.E., 

Librarian  to  the  Koyal  Geographical  Society. 

Introducjtoby.— The  Development  of  New  Lands.— The  Dominion  of 
Canada. — Canada,  Eastern  Provinces. — Canada,  Western  Providences  and 
Territories. — Newfoundland. —The  United  States. — Latin  America,  Mexico. — 
Latin  America,  Temperate  Brazil  and  Chili. — Latin  America,  Argentina. — 
The  Falkland  Islands.— Victoria.— New  South  Wales.— Queensland. — South 
Australia— Tasmania. — Western  Australia.— New  Zealand. — The  Resources 
.of  South  Africa  .—Southern  Rhodesia. — Index. 

''Painstaking    .    .    .    complete    .    .    .    of  great  rBA0TiCALABaisTAKCS."—2!Ae/'t«/d. 
"*  A  want  admirably  sapplied.    .    .    .    Has  the  advantage  of  being  written  by  a  pro- 
cessed Geographer."— ^eo^rapAtca/  Journal. 


IN  PREPARATION, 
BUILDING  CONSTRUCTION  in  WOOD,  STONE,  and 
CONCRETE.  By  Jas.  Lyon,  M.A.,  Professor  of  En- 
gineering in  the  Royal  College  of  Science  for  Ireland; 
sometime  Superintendent  of  the  Engineering  Department  in 
the  University  of  Cambridge;  and  J.  Taylor,  A.R.O.S.I. 


%*  Other  Volumes,  dealing  with  subjects  of  Fbimart 
Importance  in  the  Examination  and  Utilisation  of  Lands 
^hich  have  not  as  yet  been  fully  developed,  are  in  preparation. 

LONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRANQ. 


PB08PB0TIK0  AND  MIITINO.  SJ 

OtBIFIIN'S    "NEW    LAUD"    SEMES. 

Sboond  Edition,  RevUed.    With  Illustrations.    Price  in  Cloth,  5s, ;  strongly 
hound  in  Leather,  0«.  6<i. 

PROSPECTING  FOR  MINERALS. 

A  Praotioai  Handbook  for  Prospectors,   Explorers,   Settlers,  and  all 
interested  in  the  Opening  up  and  Development  of  New  Lands, 

BT 

S.  HERBERT  COX,  AssocRS.M.,  M.In8t.M.M.,  F.G.S.,  Ac. 

GsiOERAX  Contents.— Introduction  and  Hints  on  Greology— The  Determinft* 
tion  of  Minends :  Use  of  the  Blow-pipe,  &c.— Rock-forming  Minerals  and  Non- 
Metallic  Minerals  of  Commercial  Value :  Rock  Salt,  Borax,  Marbles,  Idtho- 
Saphic  Stone,  Quartz  and  Opal,  &c..  &c. — Precious  Stones  and  Gems— Stratified 
eposits:  Coal  and  Ores— Mineral  Veins  and  Lodes — Irreg^ular  Deposits^ 
Dioiamics  of  Lodes  :  Faults,  &c. — Alluvial  Deposits — Noble  Metals  :  Gold, 
Platinum,  Silver,  &c. — Lead — Mercury— Copper — Tin — Zinc— Lron — Nickel, 
Ac.— Sulfur,  Antimony,  Arsenic,  &c. — Comoustible  Minerals— Petroleum — 
General  Mints  on  Prospecting — Glossary — Index. 

"This  ADMIRABLE  LITTLB   WORK     .     .     .     written  with   SCIENTIFIC  ACCURACY  in   a 

CLK4R  and  LU0n>  style.   ...   An  important  addition  to  technical  literature  .   .   . 
-will  be  of  value  not  only  to  the  Student,  but  to  the  experienced  Prospector.    .    .    . 
If  the  succeeding  volumes  of  the  New  Land  Series  are  equal  in  merit  to  the  First,  we 
must  congratulate  the  Publishers  on  successfully  filling  up  a  gap  in  existing  literature. 
—Mining  Journal. 

"  This  BXOSLLENT  HANDBOOK  will  prove  a  perfect  Vade-mecum  to  those  engaged  in 
the  practical  work  of  Mining  and  Metallurgy."— rim««  of  Africa. 


With  many  Engravings  and  Photographs.    Handsome  Cloth,  4s.  6d. 

FOOT)     SUPPLY. 

By   ROBERT   BRUOE. 

AffrioultonU  Superintendent  to  the  Royal  Dublin  Society. 

With  Appendix  on  Preserved  Foods  by  C.  A.  Mitchell,  B.A.,  F.LC. 

GiNSRAL  Contents. — Climate  and  Soil — Drainage  and  Rotation  of 
Crops — Seeds  and  Crops — Vegetables  and  Fruits— Cattle  and  Cattle- 
Breedini;— Sheep  and  Sheep  Rearing — Pigs— Poultry — Horses — The  Dairy 
— ^The  farmer's  Implements — The  Settler's  Home. 

"  Bristles  with  information."— Farwert*  OazetU. 

"  The  work  is  one  which  will  appeal  to  those  Intending  to  become  farmers  at  home 
>or  in  the  Colonies,  and  who  desire  to  obtain  a  general  idea  of  the  true  principles  of 
farming  in  all  its  branches."— Journal  of  the  Royal  Colonial  Inst. 

*<  A  most  READABLE  and  valuable  book,  and  merits  an  extensive  sale."— 300<tM 
Fanner. 

"  Will  prove  of  service  in  any  part  of  the  world."-  Nature. 
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ORE  &  STONE  MINING. 

BY 

C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

VmOFSSSOR  OP   MINING.   XOYAI.  COLLBCB  «»P  SCIBNCB  ;  H.M.     INSPECTOR  OP   MOfBS. 

Fourth  Edition,  Revised,  and  brought  thoroaghly  up-to-date  by  If.  H, 

Cooks,  Instructor  in  Mine  Sarveying,  Rojjd  Collie  of  Science. 

With  Frontispiece  and  716  Illustrations.     Price  348. 


'Dk  Foster't  book  was  eaqpected  to  be  bpoch-making,  and  it  fully  justifies  such  expeo> 
urn.    ...    A  MOST  ADMIRABLE  account  of  the  mode  <^  occurrence  of  practically  au. 
KVOWM  minbrals.    Probably  stands  unrivalled  for  completeness. "—  Tht  Mining  y^urmaL 

GENERAL  CONTENTS. 


Tnuispori.— noistlns  op  windinfir.  —  Draliiaflre. — Veatttation,  —  ListitUiff.— 
D«seent  and  Ascent.— DressinK—Prineinles  oilbBployiiMiii  ot  lliiiinir  Labout. 

—UftfrUlation  affeotinff  Mines  and  Quajwias.  —  Condition  of  the  ~" 

AMidaiits.— Index. 

"This  BPOCK-UAiUNG  work    .    .    .    appeals  to  mbn  op  bxpbxibmcb  no  Icai 
stadents.'*— ^^/-  und  HiSitteHm&nniscfu  Zeitung. 

"  This  splbndid  wotiie."^Oest*rr.  ZUckrft,  /Br  B*ri-  umd  HMtUmwfwn, 


ELEMENTARY    MINING    AND    QUARRYING 

(An  Introductory   Text-book).      By  Prof.   0.   Lb    Nevb 
Foster,  F.KS.  \In  Active  Preparation. 

A    TREATISE    ON    MINE-SURVEYING: 

For  the  um  of  Utemagen  of  Mine9  and  CoUieriegt  StudenU 
at  tht  Royal  School'  of  Mlmm,  4flu 

By  BENNETT   H.   BROUGH,    F.G.S.,  Assoc.R.S.M., 

Formerly  Instructor  of  Mine-Survvfing,  Royal  School  of  Minaf. 

Eighth  Edition,  Reyised  and  Enlarged.     Wi^  Numerous  Diagiami^ 
Cloth,  7%.  6d. 

Gknbeal  CoirrxMTS. 

QtBerml  Explanations — Measurement  of  Distances— Miner's  Dial-^Variatioa  of 

Ikt  ll^[netic-Needle — Surveying  with  the  Ma^etic-Needle  in  presence  of  Iron — 

Sanraying  with  the  Fixed  Needle — German  Dial — Theodolite — ^Traversing  Uadot- 

nd — Surface-Surveys  with  Theodolite — Plotting  the  Survey— Calciuatioa   of 


Arses — Levelling — Connection  of  Undern-omid-  and  SurfiMe-Surveys — Meararing 

Distances  by  Telescope — Setting^-out — Mine-Surveying  Problems — Mine  Plans— 

AppUcations  of  MagneGc-Needle  in  Mining — Photographic  Surveying — A^pendua, 

"Has  FKOVED  itself  a  valuablx  Text-book ;  the  bbst,  if  not  the  only  one,  in  the  English 

laa|naafe  on  the  tx^itxx.**— Mining  J oumaL 

^*  No  Enelish-spcttking  Mine  Agent  or  Mining  Student  will  consider  his  technical  lifaRary 

ut  if— A«/wnr. 


''a  valuable  accoaaory  to  Surveyors   in  every  department  of  cooMncrrial  enterpriia. 
Folly  deserves  to  hold  iu  position  as  a  standard.'  —  Colii^ry  Gnarditm. 
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WORKS^  ON  MUriNQ.  $7 

A  TEXT-BOOK  OF  COAL-MINING: 

FOn  WE  USE  OF  COLLIERY  MANAGERS  AND  OTHERS 
ENGAGED  IN  COAL-MINING. 

BY 

HERBERT    WILLIAM   HUGHES,   F.G.S., 

Assoc.  Rojral  School  of  Mines,  General  Manager  of  Sand  well  Park  Colliery. 

Fourth    Edition,    Revised  and  Greatly   Enlarged,      With   Numtrout 

Additional  Illustrations,  mostly  reduced  /ram    Working 

Drawings,      Price  24J.   nett. 


GENERAL    CONTENTS. 

Geology.— Search  for  Coal. — Breaking  Ground. — Sinking. — Preliminary 
Operations.  —  Methods  of  Working.  —  Haulage.  —  Winding.  —  Pumping. — 
Ventilation. — Lighting. — Works  at  Surface. — Preparation  of  Coal  for  Market. 
—Index.  

"  Quite  THSBBST  BOO ic  of  its  kind  ...  as  practical  in  aim  as  a  book  can  be  .  .  . 
The  illustrations  are  mxcauLxiiT"—Ath€naum. 

"  We  cordially  recommend  the  work."— C#/!Krrr  Guardian, 

'•  Will  soon  cooie  to  be  regarded  as  the  standard  work  of  its  kind." — Birmmgham 
Daity  Gazette. 


In  Large  Svo,  with  Illustrations  and  Folding-Plates,     lor.  6^ 

AND    THE    USE    OF    EXPLOSIVES. 

A  Handbook  for  Engineers  and  others  Engaged  in   Mining, 
Tunnelling,  Quarrying,  && 

By  OSCAR  GUTTMANN,  Assoc  M.  Inst.  C.K 

Mmmktr  of  the  StaHies  of  Civil  Engineers  and  Arehitecte  0/  Vienna  and  Bwdmj^oat, 
C0rresp0ndiKg  Member  o/tht  Imp.  Roy.  Geological  InstitutioH  0/ Austria^  ^c. 

General  Contents.— Historical  Sketch— Blasting  Materials— Blasting  Pow- 
der— ^Various  Powder-mixtures — Gun-cotton — Nitro-glycerine  and  Dynamite- 
Other  Nitro-compounds — Sprengel's  Liquid  (acid)  Explosives —Other  Means  of 
Blasting — Qualities,  Dangers,  and  Handling  of  Explosives — Choice  of  Blasting 
Ifmtarials — ^Apparatus  for  Measuring  Force — Blasting  in  Fiery  Mines — Means  of 
l^aiting  Charges — Preparation  of  Blast* — Bore-holes — Machine-drilling — Chamber 
Mines — Charging  of  Ek>re-holes — Determination  of  the  Charge — Blasting  in  Bore- 
holes—Firing — Straw  and  Fure  Firing — Electrical  Firing— Substitutes  for  Electrical 
Firing — Results  of  Working — ^Various  Blasting  Operations — Quarrying — Blasting: 
Masonry,  Iron  and  Wooden  Structures — Blasting  in  earth,  under  water,  of  ice,  &c. 


**  This  ADMntABLB  work." — Colliery  Gnardiam. 
**  Shoald  prove  z  vade-mecuti 
"^Jftrntamd  Coal  Trader  Review. 


Should  prove  a  vade-mecum  to  Mining  Engineers  and  all  engaged  in  practical  worlu 
'CoalTr    '     " 
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OHARLMB  0BIFFIN  S  OO.'B  PUBLIOATIOHB. 

NEW  VOLUME  OF  GRIFFIN'S   MINING  SERIES. 

Edited  by  C.  LE  NEVE  POSTER,  D.So.,  F.R.S., 

H.H.  Inspector  of  Mines,  Professor  of  Mining,  Royal  School  of  MIms. 


In  Large  Svo.     Second  Edition.     Price  10».  6d. 

Mine  Accounts  and  Hiiiiiig  Book-keeping. 

For  Students,  Managers,  Secretaries,  and  others. 
With  Examples  taken  from  Actual  Practice  of  Leading  Companies. 

BY 

JAMES  GUNSON  LAWN,  A88OC.R.S.M.,  Assoc. Mem.In8t.C.E.,  F.G.S., 

Profeasor  of  Mining  at  the  South  Afrioui  School  of  Mines,  Capetown, 

Kimberley,  and  Johanneabnrg. 

Edited  by  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

H.M.  Inspector  of  Mines,  Professor  of  Mining,  Royal  School  of  Mines. 

General  Contents.— Introduction. — Part  I.  Engagement  and  Pay- 
ment of  Workmen.— Part  II.  Purchases  and  Sales.— Part  III.  Working 
Summaries  and  Analyses.  —  Part  IV.  Ledger,  Balance  Sbeet,  and  Company 
Books. — Part  V.  Reports  and  Statistics. 

**  It  seems  ixpossibls  to  loggest  how  Mr.  Lawk's  book  could  be  made  more  ooMnsni  er 
more  valuable,  careful,  and  exhaastiye."— if<:cotintan(«'  Magatine, 


Second  Edition.     Large  Crown  8vo.     Handsome  Cloth.     With  over 
520  Illustrations  in  the  Text.     128.  6d. 

PRACTICAL  COAL-MINING! 

A    MANUAL.     FOR     MANAGERS.     UNDER-MANAGERS, 
COLLIERY    ENGINEERS,     AND    OTHERS. 

With  Worhed-out  Problems  on  Haulage^  Pumping^  VenWattofif  d:€. 

By  GEORGE   L.   KERR,   M.E.,    M.Inst.M.E., 

Colliery  Manager. 

"The  general  arranirement  of  the  book  .  .  .  closely  follows  that  adopted  in  the  larger  woxks, 
but  a  GBJiAT  DKAL  OF  8PACS  IS  OCCUPIED  ON  DESCRIPTION  OP  DWiAlLB."— The  Mining  JoumoL 

"This  book  just  meets  the  wants  of  Students  preparing  for  the  Collienr  Managers'  BzamliH 
Mions.  I  have  decided  to  use  it  for  our  classes  here.  .  .  .  We  have^  I  believe,  the  lan^ai 
aining  class  in  Great  Britain."— Tfce  Principal  of  a  Training  CcUege. 


Ready  Immediately.     In  Crown  8vo.     Handsome  Cloth. 
Fully  Illustrated. 

ELEMENTARY    COAL-MININGi 

For  the  Use  of  Students,  Miners,  and  others  preparing 
for  Examinations. 

By   GEORGE   L.  KERR,  M.E.,  M.Inst.M.E., 

Aathor  of  ''  Practic*!  Coal-Mlnlng.'' 

Specially  designed  to  meet  tJie  Bequiremenls  of  Students  aUending 

Classe*  on  Coal-Mining. 
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New  Edition.     WUh  lUuatrations  and  Plates,    Handsome  Cloth,    Is,  6<i. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

A  Text-Book  for  the  Use  of  Metallurgiata  and  Students  at 
Schools  of  Mines,  dc. 

By   JAMES    PARK,   F.G.S.,  M.Inst.M.M., 

Lftte  Director  Thames  School  of  Mines,  and  Geological  Surveyor  and  Mining  Geologist 
to  the  Government  of  New  Zealand. 

Skcond  EyoLiSH  Edition.  Thoroughly  Revised  and  Greatly  Enlarged 
from  the  First  English  Edition,  and  based  upon  the  Third  (1897) 
(New  Zealand)  Edition.  With  additional  details  concerning  the 
Siemens-Halske  and  other  recent  procesaes. 

Contents. — The  MacArthur  Process. — Chemistry  of  the  Process. — 
Laboratory  Experiments. — Control  Testing  and  Analysis  of  Solutions. — 
Appliances  for  Cyanide  Extraction. — The  Actual  Extraction  by  Cyanide. — 
Application  of  the  Process. — Leaching  by  Agitation. — Zinc  Precipitation 
of  Gold. — The  Siemens-Halske  Process. — Other  Cyanide  Processes. — Anti- 
dotes for  Cyanide  Poisoning. — Cyaniding  in  New  Zealand. 

"  Mr.  Park's  hook  deserves  to  he  ranked  as  amongst  the  best  of  BXlsmro  trbatdis 
OH  THIS  SVBJEffl."— Mining  Journal. 


SsooND  Edition.     With  Illustrations,    Cloth,  3s.  6(2. 

GETTING    GOLD: 

A   GOLD-MINING  HANDBOOK  FOR   PRACTICAL  HEN. 

Bt  J.    0.   P.    JOHNSON,   P.G.S.,   A.I.M.E., 

Life  Member  Anstralasian  Mine-Managers*  Association. 
Gknvral  Contents.— Introductory :  Getting  Grold— Gold  Prospecting 
(Alluvial  and  General) — Lode  or  Reef  Prospecting — The  Genesiology  of  Gold — 
Auriferous  Lodes — ^Auriferous  Drifts— Gold  Extraction— Secondary  Processes 
and  Lixiviation — Calcination  or  "Roasting"  of  Ores — Motor  Power  and  its 
Transmission— Company  Formation  and  Operations — Rules  of  Thumb :  Mining 
Appliances  and  Methods— Selected  Data  for  Mining  Men— Australasian  Mining 
Regulations. 

*  PRAonoAL  from  b^^inning  to  end    .    .    .    deals  thoroughly  with  the  ProsxMetlDg, 
Sinking,  Crashing,  and  Extraction  of  gold."— Brit.  AtutrcUattan. 


Pocket  Size,  Strongly  bound  in  Leather,    3s.  6cf. 

THE  MINING  ENGINEERS'  REPORT  BOOK 

AND  DIRECTORS'  AND  SHAREHOLDERS'  GUIDE  TO  MINING  REPORTS. 
By   EDWIN    R.   FIELD,   M.Inst.M.M. 

With  Motes  on  the    Valuation  of  Mining   Property  and   Tabulating   Reports,   Usefut 
tables,  Ac.,  and  provided  with  detachable  blank  pages  for  MS.  Notes. 

"An  ADMmABLT  compiled  book  which  Mining  Engineers  and  Managers  will  find 
r  USBVUL."— ifimn^  Journal. 
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6o    n        CBARLES  ORIFFIN  Af  C(k'S  J^mLICATIONS. 

In  Two  Volumes,  Iiarge  evx>. 
fKiSfc  yumerauB  Maps,  Plates,  and  Illustrations  U  the  Text,    PHce  45t. 

JPETROILiEXiriML 

AND    ITS   PRODUCTS: 

BY 

Dr.      BOVERTOlf      REDWOOD, 

F.U.S.E.,  F.LCm  A880C.RC.S., 

Hon.  Corr.  Mem.  of  the  Imperial  Bnasian  Technical  Society ;  Mem.  of  the  Ameriean  Chonlcal 

Society ;  Adviser  to  the  Corporation  of  London  under  the  Petvoieiun 

Acts,  kc.t  &C. 

Assisted  by  GEO.  T.  HOLLOWAY,  F.LC,  Assoa  ILC.S., 
And  Kumerous  Ccmtribntcnn. 

Gbkkbal  Oontentb  — L  G<^neral  Historic U  Acconnt  of  the  Petrolenm  Industry.— II, 
Geoloeical  and  Geographical  Distribution  of  Petroleum  and  Natural  Gas.— in.  Chemical 
s;nd  Physical  Propertiea  of  Petroleum.— IV.  Origin  of  Petrolnuno  ajid  Nstuml  Gas.— V. 
Production  of  Petroleum,  Natural  Gx»,  and  Ozokerite. — VI.  The  Aefiniug  of  Petpoloaaa. 
— VIL  The  Shale  Oil  and  Allied  Industries.—VIII.  Transport,  Storage,  and  Distribution 
of  Peiroleu-n.— IX.  Testing  of  Petroleum  —X.  Application  and  Uses  of  Petroleum —XI. 
Legislat  on  on  Petroleum  at  Home  and  Abroad.— XII.  Statistics  of  ihe  Petroleum  Pro- 
duction nnd  the  Petroleum  Trade,  obtained  from  the  most  trustworthy  and  olBciil  Bonrces. 

**The  MOST  ooacpRKHKNSiVB  AND  coNVENiBNT  Acconirr  that  h*8  yet  appeared  of  A|^gantic 
industry  waich  has  made  incalculable  ajdiiion.H  to  the  comfort  of  ciTilised  man."— T*/); 
Times. 

"A  SPLENDID  coKTRTBUTioif  to  our  technical  literature."  — CA«WM*caZ  Nnos. 

'*Thi8TBORODGHLYSTANDAR»woKK  .  .  in  every  Way  xxcKLLENT  .  .  .  most  fully 
and  ahly  handled  .  .  .  could  on-y  hare  been  produced  by  a  man  m  the  very  exceptional 
position  of  the  Author.  .  .  .  Ikdi8pbn8.4Ble  to  ali  who  have  to  do  with  Petroleum,  its 
APPLiCATioKS,  MANCFACTUaE,  STOBAGK.  or  TKAXispoKS.'"— Mining  Joumal. 


JUST  OUT.     WUh  Plates  {One  Coloured)  and  Illustrations. 
Price  8«.  6d.  net. 

A    HANDBOOK    ON     PETROLEUM. 

FOR  INSPECTORS  UNDER  THE  PETROLEUM  ACTS, 

And  for  those  engaged  in  the  Storage,  Transport,  DistrfbutiOTi,  and 

Industrial  Use  of  Petroleum  stnd  its  Products,  and  of  Calcixim 

Carbide.     With  suggestions  on  the  Construction  and 

Use  of  Mineral  Oil  Lamps. 

By    captain    J.    H.    THOMSON, 

H.M.  Chief  Inspector  T)f  Explosives, 

ASD 

Dr.    BOVERTON    REDWOOD, 

Adviser  ou  Petroleum  to  the  Home  Office  and  to  the  Corporatiou  of  London  under  tlie 
Petroleum  Acts. 

Contents.— I.  Introductory.— II.  Sources  of  Supply.— III.  Production. —  IV.  Chemical  Pro- 
ducts, Shale  Oil,  and  Coal  Tar.— V.  Flaah  Point  and  Fire  Test.— VL  Testrnps.— VIL  Bxistiiu^ 
Legislation  relatln?  to  Petroleum. —VIII.  —  IX. —Precautions  KeoeMMury.— X.  JPSetrotenn  Ofl 
Lamps.- XL  Oarhi4e  of  Oafektm  and  AoetyieDe.- Af^pesdices.— Ik»£X. 
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Thjbb  fionioN.    With  FekUng  Plutmi  and  Mamj  fihMlBiitkMM. 

Large  8vo.    Handsome  Cloth.    368. 

ELEMENTS    OP 

Metallurgy: 

»  PRACTICAL  TREATISE  OH  THE  ART  OF  EXTRACTING  lETAW 
FROM  TU£1R  ORES. 

BT 

J.  ARTHUR  PHILLIPS,  M.Iw8T.0.E.,  F.C.S.,  F.G.«.,  4ba 

Ain> 
H.  BAUERMAN,  V.P.G.S. 


Befractory  Materials. 

Fire-Clays. 

Faek,  &c. 

Almttimnm, 

Copper. 

Tin. 

\^  Many  notablb  additions,  dealing  -with  new  ProcesBM  and  l>0f«lopm«iit% 
will  be  found  in  the  Third  Edition. 

*'  Of  the  Thied  Edition,  we  are  still  able  to  lay  thvt,  as  a  Text4KMk  «f 
Metallorgy,  it  is  thb  best  with  which  we  are  acquainted.** — Ei^gmeer, 

'*  The  value  of  this  work  is  almost  ineeiimable.  There  can  be  no  questiMi 
that  the  amount  of  time  and  labour  bestowed  on  it  is  enormous.  .  .  .  Ther« 
•li  oMtaanly  no  Metallurgical  Treatise  in  the  language  calculated  to  proTe  of 
«ach  general  utility." — Mining  Journal, 

"  In  this  most  useful  and  handsome  volume  is  condensed  a  large  amount  of 
▼alnable  practical  knowledtre.  A  careful  study  of  the  first  division  of  the  book, 
^n  Ww^k,  will  be  found  to  be  of  gretft  value  to  every  om  in  tiaaaamg  for  1km 
HWWJliMJ  appfioaitions  e€  our  scientific  knowledge  to  any  of  tmt  untallurgieal 
vpittations.  **— -4  thenasunu 

^  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  tha 
practical  Smelter  as  a  Standard  Work  of  Beferenoe.  .  .  .  The  TDaattxtMmom 
are  admirable  examples  of  Wood  Engraving.'^ — Chemical  Newt. 
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.AL    CONTENTS. 

Antimony. 

Iron. 

1        Arsenic. 

Cobalt. 

Zinc. 

NickeL 

i        Mercury. 

Silver. 

Bismuth. 

Gold. 

i        Lead. 

Platinum. 

OMAMLM  OUWnS  S  00.'M  PUMUOATZOMM, 
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STANDARD  WORKS  OF  REFERENCE 

FOR 

Metallorsrists,  Mine-Owners,  Assayers,  Manufactoren. 

and  all  interested  in  the  developmeiit  of 

the  Metallurgical  Industries. 

EDITED  BT 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L..  F.R.S., 

enCMIST  AND  ASSATBR  TO  THE  ROTAL  MINT ;  PROVESSOR  OF  MBTALLUSGT  Uf 
THE  ROYAL  COLLEGE  OF  SCISNCB. 

In  Largt  %vo,  Handsom*  Cloth,      With  lUmiratwms, 


nrPBODUCTION    to   the    STUDY   of  MBTALIiTJBGY, 

By  the  Editor.     Fourth  Edition.      15s.     (Seep.  63.) 

GOIiD  (The  MetaUurgy  of).  By  Thos.  Kirke  Ross» 
D.  Sa ,  Assoc.  R.  S.  M. ,  F.  I.  C. ,  of  the  Royal  Mint.  Fou  rth  Edition, 
2 is.     (Seep.  63.) 

IiTJAD   AND    SILVBIl    (The   Metallurgy   of).      By  H.  F. 

Collins,   Assoc R.S.M.,    M.Inst M.M.     Part  I.,   Lead,  i6s;   Part 
II.,  Silver,  i6s.     (See  p.  64.) 

IB  ON  (The  Metallurgy  of).  By  Thos.  Turner, 
Assoc  R.S.M.,  F.I.C.,  F.C.S.     i6s.    (See  p.  65.) 

8TEEI1    (The    Metallurgy    of).      By  F.   W.   Harbord, 

Assoc. R.S.M.,  F.I.C.,  Chemist   to  the   Indian  Government.      (See 
p.  65.)  {Ready  shorify. 


JViU  b€  PubUsJud  at  Sh^rt  Intervals. 

HETAIiIiITBGICAIj  MACHINEBY  :  the  Application  of 
Engineering  to  Metallurgical  Problems.  By  Henry  Charles  J enkins, 
Wh.Sc,  Assoc.  R.S.M.,  Assoc. M.  Inst. C.K,  of  the  Royal  College  of 
Science. 

AU:iOYS.     By  the  Editor. 

*»*  Other  Volumes  in  Preparation. 
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GBIFFIN'S    METALIiTTHGICAIi    SEBIES. 


Fourth  Edition,  Revised  and  Enlarged.     Price  15s.    Large  8v<^ 

with  numerous  Illustrations  and  Micro-Photographic  Plates 

of  different  varieties  of  Steel. 

An  Introduction  to  the  Study  of 

BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S, 

AModate  of  the  Royal  School  of  Mines :  Chemist  and  Assayer  of  the  Royal 
Mint;  Professor  of  Metallurgy  in  the  Royal  College  of  Science. 

Gbnbkal  Contents. — The  Relation  of  Metallurgy  to  Chemistry.— Physical  Properties 
of  Metals.— Alloys.— The  Thermal  Treatment  of  Metals.— Fuel  and  Thermal  Measurements. 
— Materials  and  Products  of  Metallurgical  Processes.— Furnaces. — Means  of  Supplying  Air 
to  Furnaces. — ^Thermo- Chemistry. —Typical  Metallurgical  Processes. — The  Micro-Structure 
of  Metals  and  Alloys. — Economic  Considerations. 

**  No  English  text-book  at  all  approaches  this  in  the  complbtenbss  with 
which  the  most  modem  views  on  the  subject  are  dealt  with.  Professor  Austen's 
volume  will  be  invaluable,  not  only  to  the  student,  but  also  to  those  whoM 
knowledge  of  the  art  is  far  advanced." — Chemical  News, 


FouBTH  Edition,  Revised,  Considerably  Enlarged,  and  in  part  Re-writteBv 

2l8.    Including  the  most  recent  Improvements  in  the  Cyanide 

Process.      With  Frontispiece  and  numerous  Illustrations. 

THE  METALLURGY  OF  GOLD. 

BT 

T.  KIRKE  ROSE,  D.ScLond.,  Assoc.R.S.M., 

Assistant  Assayer  qfthe  Roycd  Mint 

OnnniAL  Contents.— The  Properties  of  Gold  and  its  Alloys.— Chemistry  of  Gold.— 
Mode  of  Occurrence  and  Distribution.— Placer  Mining.— Shallow  Deposits.- Deep  Placer 
Mining.  —  Quartz  Crushing  in  the  Stamp  Battery.  —  Amalgamation.  —  Other  Forms  oS 
Cnuhingand  Amalgamating.- Concentration.- Stamp  Battery  Practice.— Chlorination :: 
The  Preparation  of  Ore.— llie  Vat  Process.- The  Barrel  Process.- Chlorination  Practice 
In  Particular  Mills.— The  Cyanide  Process.— Chemistry  of  the  Process.— Pyritic  Smelting. 
— Ihe  Beiining'and  Parting  of  Gold  Bullion— llie  Assay  of  Gold  Ores.— The  Assay  o9 
Bollioii— Economic  Considerations.— Bibliography. 

**  Ac^OKPBBHVNsrrB  PBACTiCAL  TRBATisB  On  this  important  subject.*'— r/^c  Timet. 

**Tlie  MOST  COMPLBTB  desorlpaon  ot  tna  chlobinatiov  pbocbss  which  has  yet  been  pa^ 
V^ikMAr^  Mining  Jonmnl. 

**  Adapted  for  all  who  are  interested  in  the  Gold  Mining  Industry,  being  free  from  teeh- 
Biealitiea  ai  far  as  possible,  but  is  more  particularly  of  yalue  to  those  engaged  ia  thv 
r,"^Cape  Times. 
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IMPORTANT    NEW    WOEK.       NOW    READY. 
In  Two  Volumes,  Each  Complete  in  Itself  and  SMl  SepME«ai«^. 

THE  METALLURGY  OF  LEAD  AND  SILVER. 

Bt  H.  F.  COLLINS,  ASSOC.E.S.M.,  M.In8T.M.M. 

PAPt     I.— Xdfi.&Ds 

A  Complete  and  Exhaustive  Treatise  en  Hw  Mannfaetore  of  Leftd, 
^ith  Sections  on  Smelting  add  Desilveriflatio&,  and  Chapters  oia  tibut 
Assay  and  Analysis  of  the  Materials  involved.     Price  i6s. 

SumMABT  OP  Contents.— Sampling  and  Assaying  Lead  and  Silver.— Prqpertie  ana 
•Compounds  of  Lead.— Lead  Ores.— Lead  Smelting.— Keverberatories.— Lead  SmeJting  in 
Hearths.— The  Roasting  of  Lead  Ores.— Blast  Furnace  Smelting;  Principles,  Practice, 
and  Examples;  ProLlucts.— Flue  Dust,  its  Composition,  Collection  and  Treatment. — 
•Costs  and  Losses,  Purchase  of  Ores.— Treatment  o  Zinc,  Lead  Sulphides,  Desilverisation, 
Softening  and  Refining.— The  Pattinson  Process.— The  Parkes  Process.— Cupellation  and 
K^niBg,  Ac,  &c. 

"A  TBOROUGHLY  SOUND  and  i»«f«l  digest.  ICay  with  xvkrt  ooNFiMmoB  be 
recommended." — Mining  Journal. 


Pa,x*t     II.— SI  1^1  ITER. 

Comprising  Details  regarding  the  Sources  and  Treatment  of  Silver 
Ores,  together  with  Descriptions  of  Plant,  Machinery,  and  Processes  of 
Manufacture,  Refining  of  Bullion,  Cost  of  Working,  &c.     Price  168. 

SUMiiARY  OP  Contents.- Properties  of  Silver  and  its  Prinolpid  Compounds.— Slbrur 
Ores.— The  Patio  Process.—The  Kazo,  Fondon,  Sj-dhoke,  and  Una  Processes.- l%e  Fan 
ProceOT.— Boast  Amalgamation.— Treatment  of  TaUings  and  ConoentratiOB.— Retorting, 
Melttog,  and  Assaying.- Chlorodising-Roasting.— The  Aogastin,  Claadet,  a&d  Ziervogel 
"Processes.— The  Hypo-Sulphide  Leaching  Process.— Reflning.—Hatte  Smeltiag.— l^nttic 
Smelting.— Matte  Smelting  in  Reverberatories.— Silver-Copper  Smelting  and  Betefaig,-— 
Index. 

"  The  author  has  focussed  A  large  amount  op  valuable  inporkation  into  a 
convenient  form.  .  .  .  The  author  has  evidently  considerable  practical  expertaiee, 
and  describes  the  various  processes  clearly  and  yreW— Mining  Joumml. 
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Sboond  Editiok,  Revised.    Price  16b. 

THE  METALLnRfiY  OF  IRON. 

By  THOMAS  TURNER,  Assoc.RS.M.,  F.I.C., 

Director  of  Techfucal  Instruction  to  the  Staffordshire  County  CounciL 
Ik  JjAJBxa   8vo,   Handsome   Cloth,  With   Numerous   iLLUST&ATioirg 

(MANY  FBOM   PHOTOORAPHS). 


antral  CSofi<Ml«.— Early  HUtory  of  Iron.— Modern  History  of  Iron.— Tlw  A«e  of  StML 
— (%l«f  Iron  Ores.— Preparation  of  Iron  Ores.— The  Blast  Furnaoe.— The  Air  need  in  tte 
Blaat  Fomace.— Beactions  of  the  Blaat  Fomaoe.— The  Fnel  naad  in  the  Blast  Famaoe.— 
81ags  and  Faxes  of  Iron  Smelting. ~ Properties  of  Oast  Iron.— Foundry  Practice.— Wronght 
Iron.— Indirect  Prodnotion  of  Wroogfat  Iron.— The  Puddling  Process.— Farther  Treatment 
•f  Wrooght  Iron. -Corrosion  of  Iron  and  Steel. 

*'  A  MOST  VALUABLE  SUMMARY  of  knowledge  reUting  to  every  method  axid  itaga 
In  the  mannfMStiire  of  cast  and  wrought  iron  •  .  .  rich  in  chemical  details.  .  .  . 
Exhaustive  and  thoroughly  up-to-date.'*— .BuWettn  of  the  American  Iron 
4Md  SUel  Association, 

*'  This  is  A  DELIGHTFUL  BOOK,  giving,  as  it  does,  reliable  information  on  a  sahjeci 
^eooming erery  day  more  elaborate.'*— Coi^tfrv  Guardian, 

**A  THOBOUOHLY  USEFUL  BOOK,  which   brings  the  subject  up  to  date.    Of 
'  VALUE  to  those  engaged  in  the  iron  indnstry." — Mining  Journal,   . 


IN    ACTIVE   RRERARATION. 

New  Volume  of  the   "Metallurgical  Series." 

THE  METALLURGY  OF  STEEL. 

By   F.    W.   HARBORD, 

AModaU  of  the  Royal  School  of  Mines  ^  Fellow  of  the  Institmt^  of  Chemistry  ^ 

Chemist  to  the  Indian  Government^  Roynl  Indian  Entjiiteervng 

College  ^  Cooper^  s  hi  HI, 

With  Numerous  Diagrams  and  Illusteiations  of  Plant  and 

MaOHINEKT,    reduced   FROM    WoRKlNO    DRAWINGS. 


mALLDRGICAL"  MACHINERY: 

The  Application  of  Ei^neerins  to  MetaHttfi^Qal  ProUams. 

By   henry    CHARLES    JENKINS, 

Wh.Sc^  Assoc. R,S  Jf.^  Assoc, M.Inst,C,E. 


*^*  For  Details  of  Works  on  Mining,  see  pages  55-50. 
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A    TEXT-BOOK    OF    ASSAYING: 

For  th*  u»»  of  StudonU,  Hint  Managtn,  Auayon,  Ae. 
By  J.  J.  BERINGER,  F.LC,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  th*  lliaiag  A»ocirti<m  0^  CorawaB. 

And  C.  BERINGER,  F.C.S., 

Late  Cluef  Aasayer  to  the  Rio  Tlnto  Copper  Conpaoy,  Liaidoa, 

With  ntunerous  Tables  and  Illustrations.      Crown  8to.      Cloth*  10/61. 

Seventh  Edition,  Revised  and  Enlarged. 

GsNutAL  Contents.  —  Part  I.  —  Intkoductoky ;  Manipulation:  Sampliaf; 
DryiBf ;  CalculatioB  of  IUsalt»— Laboratory-books  and  R^orts.  Mbthods  :  Dry  GraW- 
■Mtnc;  Wet  GraTimetric— Volumetric  Ainys:  Titrometnc,  Colocimetric,  Gas(»Mtrio— 
WeicUng  and  Measuring— Reafeats—FonnailB,  Equations,  &c.— Specific  Grarity. 

Past  II. — Mbtals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Coi^>er, 
Lead,  Thallium,  Bismuth,  AntimonT,  Iron,  Ntded,  Cobalt,  Zinc,  Cadminm,  Tin,  Tunc^en^ 
Titanium,  Manganese,  Chromium,  &c— Earths,  Alkalies. 

Pakt  III.— Non-Mbtals  :  Oxygen  and  Oxides;  The  Halogens — Sulphor  and  Sul- 
phates—Anenic,  Phosphorus,  Nitrogen— Silicoa,  Carbon,  Boron— Useful  Tables. 

"A  KBAiXT  MxitiTOftious  woKK,  that  BUiy  be  safety  d^ended  upon  either  fer  systematic 
instruction  or  for  reference." — Natttrt. 

*'Thts  «rork  is  one  of  the  best  of  its  kind.  .  .  .  Contains  aU  the  information  that 
the  Assay er  «riU  find  necessary  ui  the  examinatien  ef  minerals.  * — EngsMStr. 

Second  Edition,  Revised.    Handsome  Cloth.     With  Numerous 
JUustrcUions,    6«. 

A     TEXT-BOOK      OP 

ELEMENTARY   METALLURGY. 

Including  the  Author's  Pbactigal  Laboratobt  Coxmss. 

By    a.    HUMBOLDT    SEXTON,    E.I.C,  F.C.S., 

Profeuor  of  Metallnrgj  in  the  Glasgow  and  West  of  Scotland  Technical  College. 

GENERAL  CONTENTS.— Introduction— Properties  of  the  Metals— Gombustioa 
— Faels— Refractory  Materials— Furnaces— Occurrence  of  the  Metals  in  Nature— Pre- 
Daration  of  the  Ore  for  the  Smelter— Metallurgical  Processes — Iron :  Preparation  of 
Pig  Iron— Malleable  Iron— Steel— Mild  Steel— Copper— Lead— Zinc  and  Tin— Silver 
—Gold — Mercury — Alloys — Applications  of  Electbioitt  to  Metallurgj- Laboka* 
^ORT  Course  wtth  Numerous  Practical  Exercises. 

*'Jast  the  kind  of  yrork  for  Students  commbrciso  the  study  of  Metal- 
luirr,  or  for  Enginserino  Students  requiring  a  orheral  krowlbdob  of  it,  or 
in' ANODiBBRS  in  practice  who  like  a  handt  work  of  refebbboe.  To  all  three 
elasses  wo  bbartilt  commend  the  work.** — Practical  Engineer, 

**  Exobllentlt  got-up  and  well-arraboed.  .  .  .  Iron  and  copper  well 
explained  by  excellent  diagrams  showing  the  stages  of  the  process  from  start  to 
fimah.  .  .  .  The  most  novel  chapter  is  that  on  the  many  changes  wrought 
in  MetaUurgioal  Methods  by  Electricitt."— (7A«micaj  Trade  Journal. 

**  Possesses  the  great  aovantaoe  of  giring  a  Goubsb  of  Pbactioal  Wobk.*^ 
— Mining  JoumaL 
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Large  8vo.    Handsome  Cloth,  Ss.  6d. 

The  Art  of  the  Goldsmith  and  Jeweller 

A  Manual  on  the  Manipulation  of  Gold  in  the  Various 
Processes  of  Goldsmith's  Work,  and  the  Manu- 
facture of  Personal  Ornaments.    For 
Students  and  Practical  Men. 

By    THOS.    B.    WIGLEY, 

Headmaster  of    the  Jewellers  and    Silversmiths'  Association  Technical 
School,   Birmingham. 

ASSISTED  BY 

J.    H.    STANSBIE,    B.Sc.  (Lond.),    F.I.O.. 

Lecturer  at  the  Birmingham  Municipal  Technical  School. 

In  Large  Crown  8vo,     With  NumtrouB  lUtutrcUions, 

Qemeral  Cofir«iit«.— Introduction.— The  Ancient  Goldsmith's  Art.— The  Metsllnnnr  of  Gold. 
—Prices  of  Gold,  Silver,  <fcc  —Preparation  of  AUojrs.— Meltinflr  of  Gold.— Rolling  and  Slitting  of 
CkMd.— The  Worlishop  and  Tools.— Filigree  Wire  Drawing  —Manufacture  of  Personal  Ornament*. 
— ^Finger  Rings  —Mounting  and  Setting.- Mayoral  Cliains  s^nd  Civic  Insignia.— Antiqna  Jewel- 
lery and  its  Revival.— Etruscan  Worlc.— Manufacture  of  Gold  Chains.— Prbcioos  Stohss.— 
Cuttinj;  Diamonds  and  other  Precious  Gems.— Polishing  and  finishing —Chasing,  Embossing, 
and  Repoussd  Work.— The  Colouring  and  F  nishing  of  Articles  of  Jewellery.— Enamelling :  its 
Histonr,  Processes,  and  Applicability.— Heraldic  Distinctions  and  Armorial  Bearings.— Engraving: 
its  Origin,  Jlistory,  and  Processes.- Moulding  and  Casting  of  Ornaments,  d^c— Fluxes,  Ae— 
Kecovenr  of  the  Precious  Metals  from  the  Waste  Products.— Refining  Semel  and  Assaying  SobmI 
Bars.— Gilding  and  Electro  Deposition.— Hall-Marking  Gold  and  Sliver  Plate.— MisoeUaneous 
Useful  Information.— Appendix :  Technological  Examinations. 


In  Large  8vo.     Handsome  Cloth.     Price  48. 

TABLES    FOR 

QOANTITATIYE  METALLURGICAL  ANALYSIS. 

FOR   LABORATORY  USE. 
By  J.  JAMES    MORGAN,  F.O.S., 

Member  Soc.  Chem.  Industry,  Member  Cleveland  Institute  of  Engineers. 

SuHMABT  OF  CONTENTS.— Iron  Ores.— Steel.— Limestone,  &c. — Boiler  Ln- 
crostations.  Clays,  and  Fire-bricks.— Blast  Furnace  Slag,  &c. — Coal,  Coke, 
«Dd  Patent  Fnel— Water.— Gases.— Copper.— Zinc— Lead. — Alloys. — Whita 
JOad. — ^Atomic  Weights. — Factors.— Reagents,  &c. 

%*  The  above  work  eontalnB  several  novel  rsATUKKa  notablv  the  extension,  to  qnaiiti- 
t»tive  analysis,  of  the  psengiplks  of  '(isoup*  Skpakatiovs,  hitherto  cliiefly  conllned  to 
(QoalitatiTe  %iork,  and  will  be  foand  to  FaciLiiAn  obeatlt  the  operations  of  CHsnim, 
AsiATias,  and  others.— i*ii6/t<A«r'<  Aote. 

**  The  Author  may  be  coNoaATULATKU  on  the  way  his  work  has  been  carried  out**— 

**  will  coMMKiiB  RSSLF  highly  in  Laboratory  Practiee.    Its  CLSABvats  and  paacBnov 
aaark  the  book  out  as  a  highly  usefnl  one."— i/<ntn^  Journal. 
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Second  Edition,  Kevised,  Enlarged,  and  in  part  Re-written. 

With  Additional  Sections  on  Modern  Theobiss  of  Electrolysis; 

Costs,  &c.     Price  10s.  6d. 

A  TREATISE   ON 

ELECTRO -METALLURGY: 

Embracing  the  Application  of  Electrolysis  to  tlw  Plating,  Depositing, 
Smelting,  and  Refining  of  variout  Metak,  and  to  the  Repro- 
duction of  Printing  Sur&ces  and  Art-Work,  &c. 

BY 

WALTER  G.    McMillan,   F.LC,   F.C.S., 

Secretary  to  the  Institution  of  Electrical  Engineen;  late  Lecturer  in  Metallurgy 
at  Mason  ColUffe,  Birmiryjham. 

With   numerous   Blustrations.        Large   Crown    8vo.        Cloth. 

''This  excellent  treatise,  .  .  .  <me  of  tha  best  and  MOST  complkty 
manuals  hitherto  published  on  Electro-MetaUuigy."— iSTec^ruxiJ  Review, 

"  This  work  will  be  a  standabd.  "— /eioe^^. 

''Any  metallurgical  process  which  bbducib  tlM  OQSX  of  production 
must  ol  necessity  prove  of  great  commercial  ImportaDce.  .  .  .  We- 
recommend  this  manual  to  all  who  are  interested  in.  the  F&AcnCAL- 
APPLIOATION  ol  electEoljrtic  processes.^ — Naiurt. 


In  large  Svo.     With  Numerous  Illustrations  and  Three  Folding-Platet.. 

Price  21s. 

ELECTRIC  SlELTIITfr  &  REEIina: 

A  Practical  Manual  of  the  Extraction  and  Treatnnent 

of  Metals  by  Electrical  Methods. 

Being  the  "  Elektro-Metallubgib '*  of  Db.  W.  BORCHERS. 

Translated  from  the  Second  Edition  by  WALTER  G.  McMILLAN, 
F.I.C.  F.C.8. 


OONTKNTa 
Pabt   I. — Alkalies    and   Alkaline    Eabth    Metals:    Magnesium,. 
Lithium,  Beryllium,  Sodium,   Potassium,  Calcium,  Strontium,  Barium, 
the  Carbides  of  the  Alkaline  Earth  M^als. 

Pabt  II. — The  Earth  Metals:  Aluminium,  Cerium,  Lanthanum, 
Didymium. 

Part  IIL — The  Heavy  Metals  :  Copper,  Silver,  Gold,  Zinc  and  Cad- 
mium, Mercury,  Tin,  Lead,  Bismuth,  Antimony,  Chromium,  Molybdenum, 
Tungsten,  Uranium,  Manganese,  Iron,  Nickel,  and  Cobalt,  the  Platinua^ 
G^roup. 

•*  CoMPREHBNSiVB  and  authoritativb  .  .  .  not  only  full  of  valuable  INFOE- 
MATION,  but  give^  evidence  of  a  thorough  insight  Into  the  technical  value  and 
possibilities  of  all  the  methods  discussed."— TAe  Electrician. 

**  Dr.  BOROHBES'.  WELL-KNOWN   WORK     .     .     .     must  OF  NBCESSTTT  BE  ACQUTRED  by 

every  one  interested  in  the  subject.    Excellently  put  into  English  with  aditttional 
matter  by  Mr.  UcMn»l,hv."—Ifature. 

**  Will  be  of  GREAT  SERVIOK  to  the  piactical  man  and  i!tkeSHndeBL"—EleeMe  SttuUtulf 
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90  CHABLS8  ORIFflU  S  C0.'8  PUBLIOATIOJn. 

A  SHORT  MANUAL  OF 

INORGANIC  CHEMISTRY. 

BY 

A.   DUPRE,  Ph.D.,  F.R.S., 


WILSON   HAKE,  Ph.D.,  F.I.C.,  F.C.S., 

Of  the  Wcstminsur  H<Mpitai  Medical  School 

Third  Edition,  Rerised,  Exilarged,  and  brought  up-to-date.     Price  9s.  net. 

"A  wdl-writtea,  clear  and  accurate  Elemeatanr  Manual  of  Inoixanic  Chemiatry.  .  .  « 
We  agree  heartily  wiih  the  system  adopted  by  Drs.  Duprtf  and  Hake.    Will  makb.  Expbxi- 

WXNTAL  WOKK  TKBBLY  INTBKBSTING  BBCAUSS  IMTBLLIGIBLB.'*— kSWAvn^^  RgvitW. 

**  There  is  no  question  that,  given  the  pbsfbct  GKOUMiniCG  of  the  Student  in  his  triiaca 
jthe  reoiaiader  comes  afterwards  to  him  in  a  manner  mudi  more  simple  and  eaaly  acquiiej. 
The  werk  is  am  bxamflb  op  thb  advantages  op  thb  S¥rmiATic  TaaATimiT  of  • 
Scteaoe  orer  the  frafmentarr  style  so  generally  Ibttowed.  Bt  a  UMIO  way  thb  anar  «f  tW 
«nall  Manuals  for  Students.'^— ^m/j«/. 


I.ABOBATORY  HANDBOOKS  BY  A  HUMBOLDT  SEXTONp 

Profosaor  of  Metallurgy  in  the  Glasgow  and  Weat  of  Scotland  Teohnical  CoUefa. 


Sexton's  (Prof.)  Outlines  of  Quantitative  Analysis. 

FOR  THB  USB  OF  STUDENTS. 
With  niustrations.    Fourth  Editiok.    Crown  8to,  Cloth,  Zm. 
**  A  ooMFAGT  ULBOBATOBT  ouiDB  foF  h«ginB«n  waa  wantad,  and  tha  want  hat 
t>a«n  WBLL  auppuKD.    .    .    .    A  good  and  nsafnl  book.'*— Xoncet. 


Sexton's  (Prof.)  Outlines  of  Qualitative  Analysis. 

FOR  THB  USB  OF  STUDENTS. 

With  nitiatrationa.   Third  Edition.    Crown  8to,  Cloth,  Si.  M. 

'**  The  work  of  a  thoroughly  practical  chamift*'— Brilit^  Medical^JowmdL 
**  Compilad  with  great  care,  and  will  aupplj  a  wsit,**— Journal  of  JSducaUom 


Sexton's  (Prof.)  Elementary  Metallurgy: 

Inclndkig   the  Author'a  Practical  Laboratory  Conrte.      With  many 
ninstrations.  [See  p.  66. 

SxcoND  Edition,  Beviaed.    Crown  8vo.    Cloth,  6a. 
**  Juat  tha  kind  of  work  for  studenta  commencing  the  ttndj  of  metalhogj,*^ 
jPraetiealJBngineer. 
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CHEMISTRY    FOR    ENGINEERS 
AND    MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOK. 

BY 

BERTRAM   BLOUNT,    and  A.  G.  BLOXAM, 

F.I.C..  F.C.8.,  A«80C.In8t.C.E..  F.I.C.,  F.C.S., 

CoBSUlting  Chemist  to  the  Crown  Agents  for  Cousnlting  Chemist,  Head  of  the  Chemlatiy 

the  Colonies.  Department.  Goldsmiths'  Inst.. 

Mew  Cross. 

With  niustrations.    In  Two  Vols.,  Large  8vo.    Sold  Separatelj. 


"The  authors  have  sncCRSOBD  beyond  all  expectations,  and  hare  produced  a  work  whittk 
should  give  rutSH  powsr  to  the  Engineer  and  Manufacturer."— 27to  Times. 


CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 

METALLURGY. 

Qmeral  Con<«nte.—INTBOD(TCTION— Chemistry  of  the  Chief  Materials 
af  OoliBtmotloii— Sources  of  Energy— Chemistry  of  Steam-ralslag— Chemla- 
try  of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  the 
Winning  and  Manufacture  of  Metals. 

"PftACTICAL  THROnOHOUT     .     .  an  ADMIRABLB  TBXT-BOOK.  USefUl   not  OUlj  to  StudetttS, 

but  to  Ehginskrs  and  MANAGsas  of  works  in  prrtestiho  wasts  and  iicproviho  prockmsb."— 


"EmirBNTLT  PRACTICAL."— G^fffJifirow  Herald. 

'*  A  book  worthy  of  HIGH  RANK  .  .  .  its  merit  is  great  .  .  .  treatment  of  the  tuhjeet 
«f  OASBoas  FDBL  puticularly  good.  .  .  .  Watbr  oas  and  the  production  clearlv  worked  oat. 
.  .  .  Altogether  a  most  creditable  production.  Wb  warmly  rbcommbnd  it.  and  look  forward 
with  keen  interest  to  the  i4>pearance  uf  Vol.  II."— Journal  of  Out  Ligluing. 

THE    CHEMISTRY    OF    MANUFACTURING 

PROCESSES. 

Oeneral  Contend. —Sulphuric  Add  Manufacture— Manufacture  of  Alkali, 
i(o.— DestruotlTe  Distillation -Artificial  Manure  Manufacture— Petroleum 
—Lime  and  Cement—Clay  Industries  and  Glass— Sugar  and  Starch— Brewlnc 
and  Distilling— Oils,  Resins,  and  Varnishes— Soap  and  Candles— Textiles 
and  Bleaching  —  Colouring  Matters,  Dyeing,  and  Printing  —  Paper  and 
Pasteboard- Pigments  and  Paints— Leather,  Glue,  and  Sise— BzplotiTM 
and  MatOhee— Minor  Chemical  Manufactures. 

**0ertalnl7  a  good  uid  usbful  book,  constituting  a  psAcncAL  ouidb  for  atadents  \j 
Affording  a  otoar  oonoeption  of  the  numerous  proceBses  ai  a  whole.'*— C%«m<ea<  Trmdk 
jQwnuU, 

"We  ooNnoBNTLT  RBCOMUEND  thts  Yolume  as  a  PKACTIOAL,  and  not  oterloaded, 
CSXT-Boox,  of  OBBAT  YALUx  to  Students."— 7^  BuildT. 
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WORKS  BT  A.  WTNTEB  BLTTH,  ]f.K.C^.,  F.C.S., 

■infctw  ■VL>w.  PabUo  AiiAlyst  for  the  County  of  Devon,  and  Mediosl  Officer  of  Healtk  fm 

SI  MaryleboiM. 

FOODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

Ill  Demy  Svo,  with  Elaborate  Tables,  Diagrams,  and  Plates.    Handsome 
Cloth.    FouBTH  Edition.    Price  21s. 

GENERAL  CONTENTS. 
History  of  Adulteration— Legislation,  Past  and  Present — ^ApparatM 
usefol  to  the  Food- Analyst — "Ash" — Sugar — Confectionery— Honey- 
Treacle— Jams  and  Preserved  Fruits— Starches — Wheaken-Flour- Bread 
— Oats — Barley — Rye— Rice  —  Maize  —  Millet  —  Potato — Peas — Chinese 
Peas  —  Lentils  —  Beans  —  Milk  —  Cream  —  Butter  —  Oleo-Margarine  — 
Butterine — Cheese — Lard — Tea— Coffee — Cocoa  and  Chocolate — ^cohol — 
Brandy — ^Rum — Whisky — Gin — Arrack — Liqueurs  — Absinthe — Principles 
of  Fermentation  —  Yeast  —  Beer  —  Wine  —  Vinegar — Lemon  and  Lim« 
Joice — Mustard — Pepper— Sweet  and  Bitter  Almond — Annatto— Oliv* 
Oil  —  Water  —  Standard  Solutions  and  Reagents.  Appendix:  Text  of 
English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  F0URT8  EDITIOV. 

"  Simply  XNDisPEMSABLx  in  the  AjukWet'B  Ubonktory."— STke  Lancet. 

**Thx  Stakbabd  work  on  the  stiDJect  .  .  .  Every  chapter  and  every  i>age  glvts 
atmndant  proof  of  the  strict  revision  to  which  the  work  has  b«en  snhjected.  .  .  .  Tho 
■ectlon  on  MILK  is,  we  believe,  the  most  exhanstive  study  of  the  tmbject  extant  .  .  .  A» 
ismsnEMABLs  MAHUAL  for  Analysts  and  Xedioal  Ofllcars  of  BealtlL'*~/HiM<e  Btmttk, 

**▲  new  edition  of  Mr.  Wynt«r  Blvth's  Standard  work,  bsbk^bd  wxtb  all  v 
»BK)OTxmixs  AND  IMPBOVEMXKTS,  wlU  DO  aoceptod  SB  a  boon.**— <:9ksm<0a<  Ifmm. 


POISONS: 

THEIR  EFFECTS  AND  DETECTION. 

Thibd  Edition.     In  Large  Svo,  Cloth,  with  Tables  and  IllustratioBi. 
Price  21s. 

GENERAL  CONTENTS. 
I. — Historical  Litroduction.  II. — Classification — Statistics — Connecti«i 
between  Toxic  Action  and  Chemical  Composition — Life  Tests— General 
Method  of  Procedure— The  Spectroscope — Examination  of  Blood  and  Blood 
Stains.  Ill, — Poisonous  Gases.  IV. — Acids  and  Alkalies.  Y. — Mon 
•r  less  Volatile  Poisonous  Substances.  YL — Alkaloids  and  Poisonowi 
Vegetable  Principles.  YII. — Poisons  derived  from  Living  or  Dead  Animal 
Sabstances.  Ylll. — The  Oxalic  Aoid  Group.  IX— Inorganio  PoiMoa. 
Appendix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  PoisofUiig. 

**  UndooMedly  thb  mosx  coMPLns  woaK  on  Toxioology  in  our  langnsfte."— 2^  Anmi^  <•« 
tkn  I%trd  jUMohJ. 

"As  a  PEAGTiCAL  ouiDK,  ws  know  HO  BiRSK  work."— 2  he  Lancet  (ontht  Third  SdUUm). 
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O&rPFIN^S    TECHNOLOGHCAL    WORKS. 

Large  8uo  Volumee.    Handsome  Cloth, 


With  Numerous  Tables,  and  22  Illustrations.     i6s. 

DAIRY   CHEMISTRY 

FOR   DAIRY    MANAGERS,    CHEMISTS,  AND    ANALYSTS 

A  Practical  Handbook  for  Dairy  Chemists  and  others 
having  Control  of  Dairies. 

By   H."  droop   RICHMOND,   F.C.S., 

CHEMIST  TO  THE  AYLESBURY  DAIRY  COMPANY. 

Contents.—\.  Introductory.— The  Constituents  of  Milk.  II.  The  Analysis  of 
Milk.  III.  Normal  Milk :  its  Adulterations  and  Alterations,  and  their  Detection. 
IV.  The  Chemical  Control  of  the  Dairy.  V,  Biological  and  Sanitary  Matt  A. 
VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals  other 
than  the  Cow. — Appendices.— Tables. — Index. 

"...  In  our  opinion  the  book  is  the  best  contribution  on  the  subject  THAT 
HAS  YBT  APPEARED  in  the  English  language." — Lancet. 

"The  author  has  succeeded  in  putting  before  the  reader  a  complete  book  on  Dairy 
Chemistry.  It  forms  a  comi'Lete  Hsumi  of  theoretical  and  practical  knowlbdob,. 
written  in  ea?y,  intelligible  language." — The  Analyst. 


MUNRO  (J.  M.  H.,  D.Sc,  Professor  of  Chemistry^ 

Downton  College  of  Agriculture): 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS :  A  Prac- 
tical Hand-Book  for  the  Use  of  Agricultural  Students.  {Griffin* s 
Technological  Manuals,)  In  Preparation, 


GASTELL- EVANS    (Prof.    J.,    F.I.C,    F.C.S.. 

Finsbury  Technical  College)  : 

TABLES  AND  DATA  for  the  use  of  ANALYSTS,  CHEMICAL 
MANUFACTURERS,  and  SCIENTIFIC  CHEMISTS.  In  Large 
8vo,     Strongly  Bound.  \^At  Press. 

•*•  This  important  Work  will  comprehend  as  far  as  possible  all  rules  and  tables 
reqtiired  by  the  Analyst,  Brewer,  Distiller,  Acid-  and  Alkali-Manufacturer,  &c.,  &c.  ;  and 
a^  the  principal  data  m  Thermo-Chemistry,  Ei.ectro-Chemistry,  and  the  various 
branches  of  Chemical  Physics  which  are  constantly  required  by  the  Student  and  Worker  in 
Original  Research. 

Every  possible  care  has  been  taken  to  ensure  perfect  accuracy,  and*to  include  the  results 
•f  the  most  reeent  investigations. 
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In  Large  Sto.     Handsome  Cloth.    With  nnmerotui  lUnstrationa. 

In  Two  Volumes,  sold  separately.     Vol.  I.  now  Ready. 

Complete  in  Itself.     Price  15s. 

TECHNICAL  MYCOLOGY: 

THE     UTILISATION     OP     MICROORGANISMS    IN    THE 
ARTS    AND    MANUFACTURES. 

A  Practical  Handbook  on  Fermentation  and  Fermentative  Processes  for  the  Use  of 

Brewers  and  Distillers,  Analysts,  Technical  and  Agricultural  Chemists, 

and  all  interested  in  the  Industries  dependent  on  Fermentation. 

By    Dr.    FRANZ    LAFAR, 

Professor  of  Fermentation-Physiology  and  ^BacterioloKy  in  the  Technical 
High  Scliool.  Vienna. 

With  an  Introduction  by  Dk.  EMIL  CHR.  HANSEN,  Principal  of  the 
Carlsberg  Laboratory,  Copenhagen. 

Translated    by   CHARLES   T.    C.    SALTER. 

**The  first  work  of  thp  kind  which  ean  lay  claim  to  completenesB  in  the  treatroeot  of 
a  fascinating  subject.  The  plan  Ih  admirable,  the  claf>8iflcatiou  fimple,  the  ntyle  is  good, 
and  the  tendency  of  the  whole  volume  is  to  convey  sure  information  to  Uie  reader.**-* 
Latteet. 

**  We  cannot  sufficiently  praise  Dr.  Lafar's  work  nor  that  of  his  admirable  translator. 
No  brewer  with  a  love  for  his  calling  can  allow  such  a  book  to  be  absent  from  hia  library.** 
'-'Breaer't  Journal,  Aeu>  York. 

%♦  The  publishers  trust  that  before  long  they  will  be  able  to  present  EnRlish  readers 
with  the  second  volume  of  the  above  work,  arrangements  having  been  concluded  whereby, 
npon  its  appearance  in  Qermany  the  English  translation  will  be  at  once  put  in  hand. 


Ready  Immediately.     In  Large  8vo,  Handsome  Cloth. 

FERMENTS 

A  Mr  i>      rr  H  £2  X  n^     AcrrxoMrs. 

A  Text-book  on  the  Chemistry  and  Physics  of  Fermentative  Changes. 

BY 

CARL    OPPENHEIMEK,    Ph.D.,    M.  D.. 

Of  the  Physiological  Institute  at  Erlangen. 

Translated  fbom  the  German  by 

C.   AINSWORTH   MITCHELL,   F.LC,   F.C.S.  * 

« 
The  present  Translation  embodies  Notes  and  Additions  to  the  Work 
made  by  the  Author  subsequent  to  its  Publication  in  Germai^y. 
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Ib  Large  8vo.     Handsome  Cloth.    Price  2l8. 

THE   PBINCIPLES   AND    PRACTICE   OF 

BREWING. 

FOR  THE  USE  OF  STUDENTS  AND  PRACTICAL  MEN. 

Br 
WAXTER  J.  SYKES,  M.D.,  D.P.H.,  F.LC, 

XDITOB  OF  "THE  ANALYST." 

With  Plate  and  Illuatrations. 

GENERAL    CONTENTS. 

I.  Physical  Principles  involved  in  Brewing:  Operations:  Heat:  The  Ther- 
mometer—Specific  Heat— Litent  He.it— Evauoration—DeuHity  nnd  Specific  Gravity— Hydro- 
meters. Chemistry,  with  special  reference  to  the  materials  used  in  Brewingr. 
U.  The  Microscope :  General  Description  of  the— MicroHcopical  Manipolatioa 
—Examination  of  Yeast— Hanfflnfr- Drop  Method— Examination  of  Bacteria— Microscopical 
Preparations— Bacteriological  Methods— Bacteriological  Exaraination  of  Water— HauMn's 
Method'Wlchmann's  Method— Bacteriolofdcal  Examination  of  Air.  Vegretable  BiolOffy: 
The  Liying  Cell— Osmosis— The  Yeasts— The  Mycoderm^— The  Torulse,  <fec— The  Bacteria— 
Fermentation  and  Putrefaction— Bacterium  termo- Butyric  Acid  Bacteria,  Ac.— The  Mould 
Fongl— Mucor  mncedo,  Ac.— Simple  Multicellular  Organisnta-Penicillinm  Klancron,  Ac- 
Mould  Fungi  Dangerous  on  Brewing  Premises— The  Higher  Plants— Germination  of  Barley- 
Structure  of  Barleycorn.  Fermentation  :  Ancient  -Views  of  Uebig  on  —The  Physiological 
Theory— Doctrine  of  Spontaneoua  Evolution— Sterilisation  of  Organic  Fluids— Competition 
amongst  Micro-Organisms— Distribution  of  Atmospheric  Germs— Hansen^s  InTestlgattons 
on  the  Air  of  Breweries— Pasteur's  Experiments  and  Theory— Other  Theories  of  Fermentaticm 
— Investigationa  of  Hansen— Pure  Cultures  trom  a  Single  Cell— Introduction  of  Pure  Yeast 
Cultures  into  the  Brewery -Han«en*s  and  otlier  Pure  Yeast  Cultivation  Apparatus— Advan- 
tages of  Hansen's  Pure  Single-Cell  Teast— Differences  in  the  Action  of  the  various  Yeasts. 

III.  Water:  Occurrence  and  Composition  of— Results  of  Analysis  of- Hardness- 
Waters  Suitable  for  the  Production  of  Different  Classes  of  Ale— Artificial  Treatment  of 
Waters— Kainit—Inflnence  of  Boiling— Organic  Constitution -Effect  of  Filtration -Methods 
of  Water  Analysis— Microscopic  Exsmination  of  Water  Sediments.  Barley  and  Maltinsr : 
Barley— Choice  of— Vitality— Age— Malting— Steepinga-Steep-Water— Germination  of  Barley 
—Flooring— Sprtnkllnir—  Withering  — Pnenmatlc  Malting  —  Galland's  System— Saladin's— 
Hemmini^s— Drying  Kiln— Changes  Effected  in  Drying— Storage— Chemical  Examination 
of  Barley— Malt  Substitutes-Quality  of  Malt— Chemical  Exaraination  of  Malt— Ready-formed 
Sugars— Maltol.  Brewery  Plant:  Gravitation  Brewery— Cold  and  Hot  Liquor  Backs- 
Malt  Mill— Mash  Tun,  Ac— Coppers- Coolers -Refrigerators— Collecting  and  Fermenting 
Vessels— Burton  Union  System— Attemperators— Parachutes— Racking  Squares— Vata  and 
Casks.  Brewing: :  Estimation  of  Quantities  for  the  Brew— Amount  of  Liquor  Required- 
Hardening  Materials— Mashing— Use  of  Subsidiary  Apparatus— Black  Beers— Sparging— 
BoUlnff— Aetion  of  Hop-tannin  Bodies— Cooling— Refrigerating— Collection  of  Wort— Extract 
Tiddad— Fermentation— Addition  of  Yeast— Change  of  Yeast— Fermentation  Temperatures— 
Dresalng— Appearance  of  Heads— Cleansing  System— Stone  Square  System— Settling  and 
Racking— Dqr  Hopping— Secondary  Fermentation— I'rimlng— Antiseptics— Fining— Bottled 
Ales  and  Bottling.  Beer  and  its  Diseases:  Flavour  and  Aroma-Condition— Palate 
Fulness-Head— Brightness— Turbidity  —  Ropiness  —  Bibliography— Appendices  :  Solution 
Weight  and  Solution  Factor— Specific  Rotatory  Power -The  Law  of^  Definite  Relation- 
Alcoholic  Fermentation  without  Yeast-Cells— Fermentation  In  a  Vacuum— Index. 

**  A  voltune  of  Brewing  Science,  which  has  long  been  awaited.  .  .  .  We  consider  it  one 
of  THX  MOST  coMPLns  in  coKTBNTS  sud  KOVKL  Iff  ARKAffesMXffT  that  hss  yet  been  published. 
.    .    Will  command  a  large  sale."— rA«  Bretoert'  Journal. 

"The  appearance  of  a  work  such  as  this  serves  to  remind  us  of  the  BffoaHonsLT  bapid 
ASTABOBS  made  in  our  knowledge  of  the  Scientific  Principles  underlying  the  Brewing  Processes. 
...  Dr.  Sykes'  work  will  undoubtedly  be  of  the  orbatbst  ASSisTAffCB.  not  merely  to  Brewers. 
but  to  idl  Ohemista  and  Blologisto  Interested  In  the  problems  which  tlie  Fermentation  industriee 
present.  "-IZTto  Anali/$t, 

**The  publication  of  Da.  Stkbs'  mastb&lt  trbatisb  on  the  art  of  Brewing  is  quite  an  event 
in  the  Brewing  World.  .  .  .  Deserves  our  warmest  praise.  ...  A  better  guide  than  Dr. 
Sykes  oonld  hardly  be  tonnd.^—County  Brewer^  Qaaetu. 
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With  Tables,  lUwtrfttioas  in  tlM  T«it»  and  37  UtiKigfipluc  FItites.    Medium 
Sva     Handiome  Clc^    308, 

SEWAGE  DISPOSAL  WORKS; 

A  Guide  to  th«  Construetion  of  Works  for  the  PreTention  of  the 
Pollution  by  Sewage  of  Rivers  and  Estuaries. ' 

By   W.  SANTO    CRIMP,   M.Inst.C.E.,   F.G.S., 

Lat«  Assistant-Engineer,  l<ondon  CMinty  CoundL 

.Second  Edition,  Revised  and  ENLAaaiD. 


PART  I.— iNTRODUCTOET.      PART   II.— SBWAQS   DISPOSAL  WORKS   IN 
OPKRATION—THSUI  CONfiTtlfCTION,  MAINTENANCE,  AND  COST. 

HwiUnita  by  Plf^iM  vbowing  the  General  Ban  and  Auaoi^eBieca  adopled 
in  e«ch  District. 

V*  From  the  fact  of  th«  Author's  haviiif,  ftnr  soom  ytftrs*  had  chatM  «#  tfae  Hmm 
BlvaMia{e  Works  of  tho  Northern  Section  of  th«  M*tropoli|L  the  -diapler  on  Xonoon  wdl  h* 
tcmidi  to  oootain  many  important  details  whic;h  would  not  olherwi»e  have  been  availaUe. 

**  AU  persoas  interested  in  Sanitary  Sci«Qce  owe  a  debt  of  fraditudo  to  Mr.  Cnnp.  .  .  . 
Wtk  work  will  be  espedally  nsefiil  to  Samitahy  AuTHoatrisi  aiid  their  adviters  .  .  • 
■MMWrLV  rKACTiCAL  amd  uskful  .  .  .  giTes  plans  ai4  decchptioiis  of  MAinr  qv  tus 
Mecr  lufQwrAHT  sbwagb  w«k«s  of  fiuf land  .  .  .  with  ▼«nr  wubk  iafonAatiten  ae^  l» 
ih»  eesT  of  construction  and  workiacef  each*  •  •  •  The  oarewtHy-picpewd  #Mriefi  i 
■<t  eC  an  aa^r  nwpaoaon  hetweea  the  riiffwee^  syttmm-^'-^JUmeft. 


"^thtbly  the  Merr  cotenjnm  Aim  9iMiTTMMTi««.ea  the  mkeeQi  which  hM  appealed 
in  our  hiaiiMai»»  .  .  ^i^  prove  ef  the  0«eteei  UM  le  aS  wee  h^m  tftkt  prohlein  of 
Sewage  Disposal  fee  tm».''~^£d$MimTfk  MmOcmlJoHfmU. 


In  Crown  8vo,  £xtra.    With  Illustrations.     8s.  6(1. 

CALCAREOUS   CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 


By  gilbert  R.   REDGRAVE,   Assoc.    Inst.   C.K, 

Assistant  Secretary  for  Technology,  Board  of  Education,  South  Kensington. 


General  Contents. — Introduction— Historical  Review  of  the  (^emeAi 
Industry^The  Early  Days  of  Portland  Cement — Composition  of  Pordfgtid 
Cement— Processes  op  Manufacture — The  Washmill  and  the  Bafiksr— 
Flue  and  Chamber  Drying  Processes — Calcination  of  the  Cement  Mlxtttie'^-> 
<^rinding  of  the  Cement — Composition  of  Mortar  a»d  Concrete — CemxNT 
Testing  —  Chemical  Analysis  of  Portland  Cemeiit,  Lime»  and  Raw 
Materials -^  Employment  of  Slags  for  Cement  Making  —  Scott's  Cemeat, 
Selenitic  Cement,  and  Cements  produced  frook  Sewage  Sludge  and  the 
Refuse  from  Alkali  Works  —  Plaster  Cements  ^  Specifications  for  Foithuul 
Cement— Appendices  (Gajses  Evolved  fi:pm  Cement  Works,  Effects  of  S«a- 
water  on  Cement,  Cost  of  Cement  Manullcture,  &c.,  &c) 

'*  A  work  oetottlated  to  be  of  oasAT  and  Mx:nmKi>  unuTf  .**->C%eiiuoa/  Netot, 
"  Ihvaluabue  to  the  Student,  Architect,  and  Kngineer.^'^Buildini;  Ifefo^ 
**  A  work  of  tho  QRSATux  imtkkkst  and  usMTCLHua,  which  wpaajra  at  a  very  Bijlieal 
period  of  the  Oestent  Tnde^''—BHt.  Trofl^  Jotum»l. 
"  Will  be  nsef nl  to  all  interested  in  the  lf4JiDpaOTual^  twi,  tod  Tveme  of 
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Now  Ready,    Large  %vo.     Handsome  Cloth,    BeautifuUy 
Illustrated,    213. 

Road  Making  and  Maintenance: 

A    PRACTICAL    TREATISE    POR    BNG-INEERS, 
SURVEYORS,     AND     OTHERS. 

With  an  Histobical  Sketch  of  Ancient  and  Modern  Practice. 

By  THOS.  AITKEN,  Assoc.M.Inst.O.E., 

Membor  of  the  Association  of  Manicipal  and  County  Engineers;  Member  of  the  SanitMry 
Inst ;  Surveyor  to  the  Oounty  Council  of  Fife,  Cupar  Division. 

WITH   NUMEROUS   PLATES,    DIAGRAMS,    AND    ILLUSTRATIONS. 

Contents. — Historicnl  Sketch. — Resistance  of  Traction. — Laying  out 
New  Roads.  —  Earthworks,  Drainage,  and  Retaining  Walls.  —  Koad 
Materials,  or  Metal. — Quarrying. — Stone  Breaking  and  Haulage. — Road- 
Rolling  and  Scarifying. — The  Construction  of  New,  and  the  Maintenance 
of  existing  Roads. — Carriage  Ways  and  Foot  Ways. 

"The  Literary  style  is  XXCKLLBITT.  .  .  .  A  comprbhensitb  and  bxcbllbnt  Modern  Book,  an 
CP-TO-DATB  work.  .  .  .  Sbould  be  on  the  reference  shelf  of  every  Manicipal  and  County 
Enjfineer  or  Surveyor  in  the  United  Kingdom,  and  of  every  Colonial  Engineer."— TA*  Surveyor. 


Second  Edition,  Revised  aod  Enlarged,  with  New  Section  on 
Acetylene.    Fully  Illustrated.    IDs,  6d. 

THE    CHEMISTRY    OF 

GAS     MANUFACTURE. 

A  Hand-Book  on  the  Produotiony  Purification,  and  Testing  of  llluminatin 

Gas,  and  the  Assay  of  the  Bye-Products  of  Gas  Manufacture. 

For  the  Use  of  Students. 

BY 

W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.LC.,  F.C.S., 

Formerly  Head  Chemist,  Gas  Works.  Beckton,  London.  B. 


General  Contents. — I.  Raw  Materials  for  Gas  Manufacture.— II.  Coal 
Gaa.— III.  Carburetted  Water  Gas.— IV.  Oil  Gas.— T.  Enriching  by  Light 
Oili.— VI.— Final  Details  of  Manufacture.— VII.  Gas  Analysis.- VIII. 
Photometry. — IX.  Applications  of  Gas. — X.  Bye-Products. — XI.  Acetylene. 
—Index. 

"  The  best  work  of  its  kind  which  we  have  ever  had  the  pleaiore  of  ra- 
▼iewing.** — Journal  of  Oas  Liffhtinff, 

"  Amongst  works  not  written  in  German,  we  recommend  before  all  OTHnts, 
BuTTEsriK^D's  Chemistry  of  Gas  Manufacture.*'-— CAemiibcr  ZeUunff. 

LONDOM:  CH/IRLE8  GRIFFIN  &  (10„  LIMITED,  EXETER  STREET,  STRAMl 
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Eighth  Edition,  Revised.    Price  6t. 

PRACTICAL  SANITATION : 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By  GEORGE    REID,    M.D.,   D.P.H., 

J^lUw,  Mem.  Council^  and  Examiner,  Sanitary  InsHinte  ef  Great  Britain^ 
a$td  Medical  OJjicer  to  the  Staffordshire  County  CounciL 

Tmttb  an  BppenMi:  on  Sanitate  Xaw. 

By    HERBERT    MAN  LEY,     M.A.,    M.B.,    D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Bromnrich, 

General  Contents.— -Introduction— Water  Supply:  Drinking  Water, 
Pollution  of  Water — Ventilation  and  Warming  —  Principles  of  Sewage 
Removal  —  Details  of  Drainage  ;  Refuse  Removal  and  Disposal— Sanitary 
and  Insanitary  Work  and  Appliances — Details  of  Plumbers  Work — House 
Construction  —  Infection  and  Disinfection  —  Food,  Inspection  of ;  Charac* 
teriftics  of  Good  Meat ;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food- 
Appendix  :  Sanitary  Law ;  Model  Bye-Laws,  &c. 

"Dr.  Reid's  very  useful  Manual  .  .  .  abounds  in  practical  detail. *' 
— British  Medical  Journal. 

*'  A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recommend 
It  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  intereited 
In  Sanitary  matters." — Scmitaty  Record, 


Now  Ready.      Crown  8vo,  Handsome  Cloth.    Fully  Illustrated.    los.  6d, 

FLESH    FOODS: 

With  Methods  for  their  Chemical,  Microscopical,  and  Bacterio- 
logical Examination. 
A  Practical  Handbook  for  Medical  Men,  Analysts,  Inspectors  and  others. 
By  C.  AINSWORTH  MITCHELL,  B.A.(Oxon), 

Fellow  of  the  Institute  of  Chemistry;  Member  of  Council,  Society  of  Public  Analysts^ 

With  Numerous  Tables,  IllustrationM,  and  a  Coloured  Plate, 

Contents. — Structure  and  Chemical  Coinp)osition  of  Muscular  Fibre.— of 
Connective  Tissue,  and  Blood.— The  Flesh  of  Different  Animals. — The  Examina- 
tion of  Flesh. — Methods  of  Examining  Animal  Fat. — The  Preservation  of  Flesh. 
— Comp>osition  and  Analysis  of  Sausages. — Proteids  of  Flesh. —Meat  Extracts  and 
Flesh  Peptones.— The  Cooking  of  Flesh. — Poisonous  Flesh.— The  Animal  Para- 
sites of  Flesh. — The  Bacteriological  Examination  of  Flesh. — The  Extraction  and 
Separation  of  Ptomaines. — Index. 

*,*  This  work  is  a  complete  compendium  of  the  chemistry  of  amimal  tissues.  It  con- 
tains directions  for  the  detection  o^  morbid  conditions,  putrefactive  changes,  and  poisonous 
or  injurious  constituents,  together  with  an  account  of  their  causes  and  effects. — PuhUshtt^* 
NoU. 

"  A  compilation  which  will  be  most  useful  for  the  class  for  whom  it  is  \nX^vAtA.''—Athenttum. 

"A  book  which  NO  ONE  whose  duties  involTc  constderations  of  food  supply  CAN  AFFORD  TO  BK 
•WITHOUT."— MunM^i  youmal. 

LONDON :  CHARLES  GRIFFIN  ft  CO..  l!MITEO.  EXETER  STREET,  STRAND. 


CHEMISTRY  AND  TECHNOLOGY.  7^ 

COraPANION    VOLUME    TO    REID'8    SANITATION. 

In  Crown  8vo.    Handsome  Cloth.    Profusely  Illustrated. 

Sanitary  Engineering: 

A  Practical  Manual  of  Town  Drainage  and  Sewage  and  Refuse  DispoaaL 

For  Sanitary  Authorities,  Ensrineers,  inopeotors,  Arcliiteots, 
Oontraotors,  and  Students. 


FRANCIS  WOOD,  A.M.Inst.C.E.,  F.G.S., 

Borough  Engineer,  Bacup,  Lanes. 


GENERAL  CONTENTS. 
Introduction. — Hydraulics.— Velocity  of  Water  in  Pipes.— Earth  Pressures  and  Retaining 
Walls. — Powers.— House  Drainage.-  Land  Drainage. — Sewers. — Separate  System. — Sewag^ 
Pumping. — Sewer  Ventilation. — Drainage  Areas.  —  Sewers,  Manholes,  &c.— Trade  Refuse. — 
Sewage  Disposal  Works.— Bacteriolysis.— Sludge  Disposal.— Construction  and  Cleansing 
of  Sewers. — Refuse  Disposal.— Chimneys  and  Foundations. 

[At  Press.. 


JN  ACTIVE  PBEPARATION. 

TRADES'    WASTES 

ITS   TBEATMENT   AND   UTILISATION. 

With  Special  Reference  to  itie  Prevention  of  Rivers  Pollution. 

A  Handbook  for  Borougrh  Engineeps,  Surveyors,  Architects, 
and  Analysts. 

By    W.    NAYLOR,    F.C.S.,    A.M.Inst.C.E. 

With  Numerous  Places,   Diagrams^  and  lilusirationa, 

**AimB  at  Betting  forth  the  canses  of  rvers  pollution,  and  the  best  known  means  of. 

ollntion  economically.        .    .-  Au  attempt  has  been  made  to  point  onv- 

laracteristica,  and  advantages  of  the  various  systems  of  treatment."— 

Pr^ace. 


preventing  Buch  poilntion  economically.  .  .-  Au  attempt  has  been  made 
lbs  principles,  characteriBtica,  and  advantages  of  the  various  systems  of  1 
Author's  Fr^ace. 


LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND* 


Painters' 
Colours,  Oils,  &  Varnishes: 

A    PRAOTICAI.    MAZrUAZ.. 

By   GEORGE    H.    HURST,    F.C.S., 

Member  of  the  Society  of  Chemical  ladustrr ;  Lecturar  on  ^bm  Ttiimology  of  PaintenT 
Colours,  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester. 

Third  Edition,  Revised  and  Enlarged.     With  Illustrations.     12s.  6d. 

General  Contents.— Introductory—THE  Composition,  Manufacture, 
Assay,  and  Analysis  of  Pigments,  White,  Red»  Yellow  azKl  Orange,  Green, 
Blue,  Brown,  and  Black— Lakes — Colour  and  Paint  Machinery — Paint  Vi^ides 
-<Oils,  Turpentine,  &c.,  &c. )— Driers— Vaknishes. 

"This  useful  book  will  prove  most  valuablk.'* — Cktmical News. 

**  A  Practical  manual  in  every  respect  .      .      BZCSBDINGLY  instructitb.      Th« 

section  on  Varnishes  is  the  most  reasonable  we  have  met  with."— CAnwtf /  emd  DrMggist. 

"  Very  valuable  information  is  given.** — Plumbtr  and  Decormior. 

"  A  THOHOUGHLV  PRACTICAL  book,  ...  the  ONLY  ""^nc^lilh  ^Mode  that  vHaatottitaAf 
treats  of  the  manufacture  of  oils^  colours,  and  pigments.**— C^iMHMCtfi  Trmdt^  yamitml. 

%*  For  Mr.  Hurst's  Garment  Dyeing  and  Cleaning,  see  p.  84. 


WORKS  BY  DR.  ALDER  WRIGHT,  F.R.S. 

Fixed  Oils,  Fats,  Butters, 
and  Waxes: 

THEIR  PBBPARATION   AKD  PBOK&BTIS8, 

and  the 

MANUFACTURE    THEREFROM    OF   CANDLES, 
SOAPS,  AND  OTHER  PRODUCTS. 

BY 

C    R.   ALDER  WRIGHT,   D.Sc,   F.R.S., 

Late  Lecturer  on  Chemistry,  St  Mary's  Hospital  Medicsd  School ;  Examiner  in  **  SMq)" 
to  the  City  and  Guilds  of  London  Institute. 

In  Large  8yo.     Handsome  Cloth.    With  144  lUnstimtions.    38s. 

"  Dr.  Wright's  work  will  be  found  absolutbly  xndispbnsablb  by  every  ChembL 
TsBMS  with  information  valuable  alike  to  the  Analyst  and  the  Taduucal  QmbmC.*-^ 
TkM  Analyst. 

"Will  rank  as  the  Standard  English  Authority  on  Oils  and  Fats  for  OMsr 
yean  to  come.*' — IttdustrUx  and  Jr0H. 

LONDON:  CHARLE8  6AIFFIN  &  CO..  LIMITED,  EXtTES  STREET.  STfUHU. 


CBMMISTEr  ANB  TMOWmLOaJE.         '  Si 

Painting  and  Decorating: 

•4   Complete  Prdotical  Manioal  for  House 
Painters  and  Decorators. 

BY 

WALTER    JOHN    PEARCE, 

lACrCXU  4T  TBM  IfAIICVKSTBS  TSCHNICAL  BGBOOL  FOB  HOUSK-PAIMTIKO  AND  DBOORATQfO. 

In  Crown  8vo.  extra.    With  Numerous  lUustratioDs  and  Plates 
(some  to  Colours),  including  Original  Designs.     12s.  6d. 


GENKBAL  CONTENTS. 
Introduetioii — Workshop  and  Stores— Plant  and  Appliances — Brushes  and 
Tools—Materials  :  Pigments,  Driers,  Painters'  Oils — Wall  Hangings — Paper 
Hanging— Colour  Mixing— Distempering— Plain  Painting— Staining— Varnish 
and  yaraishing — Imitative  Painting  — Graining- Marblinj? — Gilding — Sign- 
Writing  and  Lettering — Decoration  :  General  Principles— Decoration  in  Dis- 
temper—Painted Decoration— Relievo  Decoration — Colour— Measuring  and 
Estimating — Coach-Painting— Ship-Painting. 

•*A    THOROUGHLY   USEFUL   BOOK      .      .      .      gives    GOOD,    SOUND,    PRACTICAL 

INFORMATION  in  a  CLEAR  and  CONCISE  FORM.  .  .  .  Can  be  confidently 
recommended  alike  to  Student  and  Workman,  as  well  as  to  those  carrying  on 
business  as  House -Painters  and  Decorators." — Plumber  and  Decorator, 

**A  THOROUGHLY  GOOD  AND  RELIABLE  TEXT-BOOK.      .      .      .      So   FULL  and 

•COMPLETE  that  it  would  be  difficult  to  imagine  how  anything  further  could  be 
added  about  the  Painter's  craft." — Builders'  Journal. 


SECOND  EDIT/ ON.     Crown  Svo,  Handsome  Cloth.     2is. 

incfuding    all  the   Newer  Developments  in    Photograohic    Method^ 

iogetner  with  Speoiai  Articles   on  Radiography  (the  X-Rays), 

Colour  Photography t  and  many  New  Plates. 

PHOTOGRAPHY: 

/TS  HISTORY,  PROCESSES,  APPARATUS,  AND  MATERIALS. 

Comprising  Working  Details  of  all  the  More 
Important  Methods. 

By    a.    brothers,    F.R.A.S. 

WITH  NUMEROUS  FULL-PAGE  PLATES  BY  MANY  OF  THE  PMO- 
CESSSS  DESCRIBED,  AND  ILLUSTRATIONS  IN  THE  TEXT. 

"  A  standard  work  oo  Photography  brought  quite  up-to-date." — Photagraphy. 

**  A  highly  iBformative  book.     .     .     .     We  can  cordially  recommetKi  the  volume  as  a 
worthy  addition  to  any  library." — British  Journal  of  Photography. 

^ "  Pre-eminently  a  sound  practical  treatise  on  Photography  written  by  a  practical  worker 
of  life-long  experience." — Leeds  Mercury. 

•'The  illustrations  are  of  great  beauty." — Scotsman. 

LONQQN:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRAND. 


OBABLMB  eSIFFOr  *  OO.'S  PUBLICATIONS. 

§10.  THE  TEXTILE   INDUSTRIEST 

"  The  aoCT  taloaiu  and  nsvcL  wouc  on  Drelng  that  bM  yet  tmaued  In  tha  Enfliak 
luifntce  .  .  .  likely  to  be  ib>  Siaxdabd  Woix  of  BBraamoa  for  yeue  to  oome.  "— 
ftcHbJfercirir. 

In  Two  Large  8vo  Volumes,  920 
pp.,  with  a  SUPPLEMENTARY 
^/  i       Volume,  containing  Specimens 
°^    ''-      of  Dyed   Fabrics.     45s. 

A   MANUAL   OF   DYEING: 

FOR   THE  USE  OF  PRACTICAL   DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN   THE  ART  OF  DYEING. 

BY 

E.  KNECHT,  Ph.D.,  F.I.C.,  CHR.  RAWSON,  F.I.C.,  F.C.S., 

HMd  of  the  Obomlrtrj  and  Dyeing  D«p«rtineiit  of  Late  HmmI  of  the  Obonistiy  and  DjtiDg  OopartBMBt 
tho  TMhaleal  BehooU  HanchMter:  Editor  of  "The  of  the  Teehnioal  CoUcm,  Bradf onl ;  Member  ei 
Joanul  o  the  Society  of  Dyen  and  Colooritta ; "  Oooneil  of  the  Society  of  Dyen  and  CoIoaiJsts ; 

And  RICHARD  LOEWENTHAL,  Ph.D. 


General  Contents.— -Chemical  Technology  of  the  Textile  Fabrics — 
Water — Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants  —  Natural 
Colouring  Matters — Artificial  Organic  Colouring  Matters— Mineral  Colonn 
— Machinery  used  in  Dyeing — Tinctorial  Properties  of  Colouring  Matters — 
Analysis  and  Valuation  of  Materials  used  in  Dyemg,  &c.,  kc, 

"  This  Morr  TALUABLB  woBK    .    .    .    win  be  widely  appreciated."— CAemteol  Jire«9«. 

**  This  anthoritative  and  exhaustive  worJc  ...  the  most  oomplxtb  we  have  yet  seea 
•B  the  subject.'* — Textile  Manufacturer. 

'*  The  MOST  BXHADSTivB  and  complbtb  wokk  on  the  subjeet  extant**— TIkxMIc  Rteord^. 

'*  The  distinguished  authors  have  placed  in  the  hands  of  those  daily  engaged  in  the  dye- 
house  or  laboratory  a  work  of  xxtbbmb  talub  and  undoubtbd  utilitt  .  .  .  appeal* 
quickly  to  the  technologist,  colour  chemist,  dyer,  and  more  particnlarlj  to  the  rising  dyer 
ef  the  present  generation.  A  book  which  it  is  refreehing  to  meet  with."— ^nmHooh  TextUt 
MUe$rd. 


Large  8vo.    Handsome  Cloth. 

A  DICTIONARY  OF  DYESTDFFS. 

A    Compendium   of  Dyes,    Mordants,   and   Other  Substances 
Employed  In  Dyeing,  Calico-Printing^  and  Bleaching,' 

By  C.  RAWSON,  F.I.C.,  F.C.S.,  W.  M.  GARDNER,  F.C.S., 
AND  W.  F.  LAYCOCK,  Ph.D.,  F.C.S. 

With  Formulae,  Properties,  Applications,  kc. 

[At  PresB^ 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


THB  TEXTILE  INDUSTRIES, 


Companion-Volume  to  Kneoht  and  Raivson's  "Dyeing/' 

TEXTILE    PRINTING: 

A  FBACTICAIi   MANUAIi. 
Inclading  the  Processes  Used  in  the  Printing  of 
COTTON,   •WOOLLEN,    SILK,   and  HALF- 
SILK  FABRICS. 
Br 


F.  SEYMOUR  ROTHWELL,  F.C.S., 

'mnieal  Jndustriet;    late  Leetwtr  at  the  Municipmi  Teehni 
Maneheettr. 

In  Large  8vo,  with  Illustrations  and  Printed  Patterns.     Price  2 it. 


i#tm.  Soc.  of  Chtmicdl  Industries;    laU  Lecturer  at  the  Municipmi  Technical  Sehodt 
Mancheettr. 


GENERAL    CONTENTS. 


Introduction. 

The   Machinery  Used   in  Textile 

Printing. 
Thickeners  and  Mordants. 
The  Printing  of  Cotton  Goods. 
The  Steam  Style. 


Padding  Style. 

Kesist  and  Discharge  Styles. 

The   Printing    of    Compound 

Colourings,  &c. 
The  Printing  of  Woollen  Goods. 
The  Printing  of  Silk  Goods. 


Colours  Produced  Directly  on  the      j      Practical  Recipes  for  Printing. 

Fibre.  i      Appendix. 

Dyed  Styles.  Useful  Tables. 

Patterns. 

**  Br  VAR  THK  BK8T  and   MOFT  PRACTICAL  BOOK  OD   TEXTTLB  PRINTING  Wbich  haS  jet  bOOD 

brought  oat,  and  will  long  remain  the  siandard  work  ou  iho  subject.  It  la  essentUlly 
practical  in  character."— 7>j-(t7«  Mercury. 

*'  Thb  most  practical  makcal  of  TEXTILE  PRiKTiNO  which  has  yet  appeared.  We  hay* 
■o  heaitatiOD  in  reoomraending  iV*^The  Textile  uanutacturer. 

**  UifDOUBTEDLv  Mr.  Bothwell's  book  in  THB  BEST  which  baa  appeared  on  tbxtilb 
ptnmao,  and  worthily  lorms  a  Companion- Volume  to  '  A  Manual  on  Dyeing.'  ''—The  Dfr 
mnd  Calico  Printer, 


Large  dvo.     Handsome  Cloth.  « 

A  Dictionary  of  Textiie  Fibres. 

By   WILLIAM    J.    HANNAN, 

Lecturer  on  Botany  at  the  Ashton  Municipal  Technical  School,  Lecturer  on  Cotton 
Spinning  at  the  Chorley  Science  and  Art  School,  <&c. 

With  Numerous  Illustrations  reproduced  from  Photographs,  &c. 

[In  Preparation, 
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Large  8vo.     Handiome  Cloth.     12il  6d. 

BLEACHING  &  CALICO-PRINTINa 

A  Short  Manual  for  Sttideiits  and 
PrfiWDtioeJ.  Men. 

By    GEORGE    DtTERR, 

Mreetor  of  the  Bleaching.  Dyeing,  and  PrintiDg  Department  «t  the  Acerlurtoii  and  Bmo^ 
Technical  Schools ;  Chemist  and  Coioiuist  M  tke  Irwell  Print  Worlrs» 

Assisted  by  WILLIAM    TURNBULL 

(of  Turnhall  &  Stockdale,  Limited). 

With  Illustrations  and  upwards  of  One  Hundred  Dyed  and  Printed  Patterns 
designed  specially  to  show  rarioos  Stages  of  the  Processee  described. 

GENERAL  CONTENTS. -Cotton,  Composition' of ;  Bleaching,  New 
Processes ;  Printing,  Hand-Block  ;  Flat-Press  Work ;  Machine  Printing^ 
Mordants— Styles  of  Calico-Printing  :  The  Byed  <»  BCadder  Style,  Besisi 
Padded  Style,  Discharge  and  Extract  Style,  Chromed  or  Baised  Colours, 
Lisoluble  Colours,  &c.  —  Thickeners  —  Natural  Organic  Colouring  Matter* 
— Tannin  Matters  —  Oils,  Soaps,  Solvents— Organic  Acids — Salts — Mineral 
Colours— Coal  Tar  Colours— Dyeing— Water,  Softening  of— Theory  oi^Colonr* 
— Weights  and  Measures,  &c. 

"  When  a  MADT  WAT  out  of  a  difficulty  is  wanted,  it  ia  ik  books  lim  this  thtt  It  ts  fMud.*— 
TtxtiU  Records. 

"Mr.  Ddkkb'b  wobz  will  be  found  most  usbvul.  .  .  .  The  information  giTcn  is  oTattJv 
▼▲I.CB.    .    .    .    The  Recipes  are  tbobouohly  pbactiical.' ~2%Mt«(«  Mttimfixetvnr, 


Sfxond    Edition.      Revised  and   Enlarged.      With  Numerous 
Illustrations.      4s.  6d. 

GARMENT 
DYEING    AND   CLEANING. 

A  Practical  Book  for  PFaetieal  Hen. 

By     GEORGE     H.     HURST,     F.C.S., 

Member  of  the  Society  of  Chemical  Industry. 

General  Contents.— Technology  of  the  Textile  Fibres*-Garment  Cleanin|» 
— Dyeing  of  Textile  Fabrics — Bleaching — Finishing  of  Dyed  and  Cleaned  Fabrics — 
Scouring  and  Dyeing  of  Skin  Rugs  and  Mats — Cleaning  and  Dyeing  of  Feathers — 
Glove  Cleaning  and  Dyeing^Straw  Bleaching  and  Dyeing— -Glossary  of  Drugs 
and  Chemicals — Useful  Tables. 

"  An  UPTO-DATK  hand  book  has  long  been  wanted,  and  Mr.  Hurst  has  done  nothing 
more  complete  than  this.  An  important  work,  tke  more  so  that  several  of  the  branches  of 
the  craft  here  treated  upon  are  almost  entirely  without  Ecglish  Manuals  for  the  guidance 
of  worker?.    The  price  brings  it  within  the  reach  of  all.**— 2>yrr  and  Calico  Printer .  . 

**  Mr.  Hurst's  worx  decidedly  fills  a  want  .  .  .  ought  to  be  in  the  hands  of 
r  GARMHNT  DYER  and  cleancr  in  the  Kingdom"— Textile  Mercury. 
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<*Btyi  COULD  MOV  HATB  A  MOBS  ALLTT&IMO  INTRODUCTION  tO  Sdeiltiio  portuito 
ttun  than  dianiilng4ookiiig  Tolnmes."— Letter  to  the  PubliBhera  from  the  Head- 
maiter  of  one  of  our  great  Public  Schools. 

OP£]l-AItt  STUDIES  qi  BOTiqlY: 

SKETCHES    OF   BBITISH    WILD    FLOWEES 
IK  THEIR  HOMES. 

R.  LLOYD  PRAEGER,  B.A.,  M.RJ.A. 

lUttitrated  \yj  Drawings  fpom  Nature  by  S.  Rosamond  Praeger, 
and  Photographs  by  R.  Weleh. 

Handsome  Cloth,  78.  6d.     Gilt,  for  Presentation,  Ss.  6d. 

Gbhibal  CoivTXNTS.— a  Daisy-Starred  Pasture— Under  the  Hawthorns 
— ^By  the  River — Along  the  Shingle — A  Fragrant  Hedgerow — A  Connemara 
B<^ — ^Where  the  Samphire  wows — A  Flowery  Meadow — Among  the  Com 
(a  Study  in  Weed8)~In  the  Home  of  the  Alpines — A  City  Rubbish- Heap— 
Glossary. 

"  A  FRBSH  AKD  BTTMULATINO  book  .  .  .  shoold  take  a  high  place  .  .  .  Th# 
ninatrationa  are  drawn  with  much  skill. ">-2'A«  Times. 

**  BBAUTiyULLT  ILLUSTRATED.      .      .      .      One   of  the  MOST  ACCURATB   as  well  a» 

IHTKRSSTlNa  books  of  the  kind  we  have  seen." — Athenatum. 

*'Bedolent  with  the  scent  of  woodland  and  meadow."— TA«  Standard. 

*A  Series  of  STiMULATlKa  and  dbuqhtful  Chapters  on   Field-Botany."— TA# 


*'  A  woric  as  FRB9H  in  many  ways  as  the  flowers  themselves  of  which  it  treats.    Hi* 
IB  nORl  of  infonnation  which  the  book  contains    .    .    ."—rAe  Garden. 


OPEH-fllH  STUDIES  III  GEOMGY: 

An  Introduction  to  Geologry  Out-of-doonL 

BY 

GRENVILLE    A.   J.   COLE,   F.G.S.,   M.KI.A., 

rirofessor  of  Geology  in  the  Boyal  C!ollege  of  Science  for  Ireland. 

WMt  12  Full-Page  llluatmtiona  from  Photographa,     Cloth.     Ba.  0d^ 

GsHiBRAL  CoifTKNTs.— The  Materials  of  the  Earth— A  Mountain  Hollow 
— Down  the  Valley— Along  the  Shore — Across  the  Plains — Dead  Yolcanoes 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  Hills— The 
Folds  of  the  Mountains. 

**TlM  vasoiVATnro  'Orar-Aim  Btddxis'  of  Paor  Oolx  fflTe  the  subjeot  a  alow  q» 
^irtif  ATRm    .    .    .    cannot  fail  to  arouse  keen  interest  in  geology.**— OlR>f»^i  Mfaemtmt. 

'*Ixnnam.T  wapjim  .  .  .  eTerr  small  detail  In  a  scene  touched  with  a  sypv. 
pathetic  kindly  pen  that  reminds  one  of  the  lingering  brash  of  a  ConsUble."— ifolwrc 

**The  work  of  Frof.  Oole  combines  slboaitos  of  sma  with  Boairnno  TEOBOuoBvaaa**— 
FMemumn'i  Mittheilungm. 

**  The  beok  ia  worthy  of  ila  title :  from,  cover  to  eover  it  is  tnove  with  brmeinf  fraahaaas 
«r  ttM  aaemitatn  and  the  ield,  whiltiia  aooubaot  and  TBoaouonnns  show  that  Ik  la  Ito 
wofkofaaaaneataad  eonacieatioiii  atodeni  .  .  .  Fnll  of  piotnreaqna  toaebea  ivfelak 
«i«  aieal  tieloome.**— ifofwal  Sefmet: 

*«  A  OBLAaMDie  BOOK,  beaattfttlly  ffloatratad.'^-^^MaMMMi. 
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S6  CHARLES  QRIFFIN  A  CO.*S  PUBLICATIONS. 

Eighteenth  Annual  Issue.    Handsome  oloth,  78.  6d. 

(To  Subscribers,  68.), 
THE     OFFICIAL     YEAR-BOOK 

or  TUB 

SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 
AND  IRELAND. 

OOKPILED  FROM  OFFIOIAL  BOUROBS. 
Oompriaing  (together  with  other  Official  Information)   LISTS  of  th€ 
PAPERS  read  during  the  Session  1900-1901  before  all  the  LEADING 
SOCIETIES  throughout  the  Kingdom  engaged  in  the  following  Depart- 
mente  of  Seeearok  ;— 

I  z,  Saence  Generally :  t>..  Societies  occupy- 
in^  tkeanselTes  with  sereral  Branches  of 
Science,  or  with  Sdeace  and  litemtura 


J  a.  Mathematics  and  Physics. 
Chemistry  and  '** 
Geology,  Geos 
Biology,  indui 
thropolocy. 


1  f.  Chemistry  and  Photqpaphy. 

f  4.  Geology,  Geography,  and  Mineralogy. 

4s*  Biology,  inchKiing  Microscopy  and  Aa- 


f  6.  Economic  Science  and  Statistics. 

f  7.  Mechanical  Science,  Engineering,  aad 

Ardutectava. 
i  S.  NaTalandMilitanr  Science. 
f  9.  Agricttlture  and  Hoffticiiltui*. 
f  zo.  Law. 
f  zz.  Literature. 


<  Z3.  Psychology. 
f  x3.  Archaeology. 
f  Z4.  Mbdicink. 


"Fills  a  very  real  want." — Engifieering, 

"  Indispensable  to  any  one  who  may  wish  to  keep  himself 
abreast  of  the  scientific  work  of  the  day." — Edinburgh  Medical 
/ournal, 

**  The  Ybak-Book  op  Socnrms  is  a  Recocd  which  ought  to  be  of  the  greatest  use  for 
the   progress  of  Science. '*—Z>or</  Plmyfmir,  F.R.a.,  K,C.S,,  M.P.,  Pmsi-PresuUHt  pfikg 

''It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  ti»e 
one  of  the  most  generally  useful  works  for  the  library  or  the  ^t^^—Tkt  Timts. 

"  British  Societies  are  now  weU  rweaer.tea  in  the  *  Yeai^5ook  ef  the  Scientific  and 
Learned  Societies  of  Great  Britam  and  Ireland.'"— (Art.  "Societies**  in  New  Editieaof 
"Encyclopaedia  Britannica,*'  vol.  xxiL) 

Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  varioai 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
bad,  price  7/6.    Also  Copies  of  the  Issues  following. 


The  j^A^BOoi^K^ociETiKS  forms  a  complete  inp«x  to  thb  scientific  work  of  the 
sessional  year  in  tnevanou^Departments.  It  is  used  as  a  Handbook  in  all  our  great 
SciBNTiFic  CiNTRss,  MusBUMS,  and  LiBRARiBS  throughout  the  Kingdom,  and  has  become 
;an  indisphnsablb  book  of  refbrhnce  to  every  one  engaged  in  Scientific  Work. 

READY  IN  SEPTEMBER  EACH  YEAR. 

»*^  Owing  to  the  alteration  of  the  date  of  publication  of  this  work,  so  as 
(to  make  its  appearance  coincident  with  the  commencement  of  the  Sessional 
year,  the  present  volume  contains  (as  far  as  possible)  lists  of  all  papers  read 
between  January  i,  1900,  and  June  30,  1901  (eighteen  months). 

UNOOM:  CHARLES  GRIFFIN  &  CO..  LiyiTED.  EXETER  STREET,  STRAND. 


